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itself. It introduces design, By the use of 
spiral scales mounted on two concentric metal tubes, the graduations of a 66-inch 
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to five-figure ac Model L gives logarithms as well. U.K. price 57s. 6d 
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GENERAL CERTIFICATE OF EDUCATION (all 
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LONDON UNIVERSITY B.Sc. (General or Special), 
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The Metropolitan-Vickers range of Scientific Equip- 
ment includes apparatus for the investigation of metallurgi- 
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and processing. These equipments cover a wide selection of 
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THE METROPOLITAN-VICKERS 
X-RAY MICRO-ANALYSER 


permits the quantitative chemical analysis of volumes 
of material down to 1 micron cube. It is designed to 
cover the range of elements from uranium to titanium. 
With additional equipment—a proportional counter, 
amplifier and pulse height analyser—the range can be 
extended from titanium to aluminium. 





In this micrograph each black dot represents an area 
of approximately 1 micron diameter studied by the 
x-ray micro-analyser at the surface of a bismuth copper 
aluminium alloy. Five separate phases occurring in the 
fusion of the alloy were identified. 
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THE PROGRESS OF SCIENCE 


STRATEGY FOR RESOURCES 

How is an adequate supply of raw materials necessary for 
a balanced economic development in the world today to be 
achieved? Here it is salutary to avoid the more extremist 
positions which have been taken up. For instance, in the 
immediate post-war years, there was the danger of world 
manufacturing capacity rising much faster than world raw 
materials supplies, and threatening mass unemployment. 
Now in contrast, it is suggested that the problem has 
changed: commodity prices have until recently fallen 
sharply; surpluses have reappeared and the pre-war paradox 
of poverty in the midst of plenty seemed to be returning. 
Yet despite the complexity of the raw materials problem 
certain features merit fuller understanding. It is conceded 
that the return to normal, the ending of the Korean arma- 
ments boom, the easing-off in world economic activity, 
have all contributed to the fall in commodity prices, but it 
will also be found that more deep-seated factors have 
been at work, that industrial demand for raw materials ts 
drastically changing with the increasing competition from 
man-made materials and technical progress, which facili- 
tates economies in consumption and outright substitution. 
These influences will continue. Thus, while it would be a 
mistake to think of the supply of raw materials as an actual 
limitation to progress, it must be accepted that a changing 
industry brings a changing raw materials demand, and, to 
quote America’s celebrated Paley Commission, we must 
show “a constantly increasing adroitness as to where our 
next inventions are coming from: what substances may be 
counted upon to give body to ingenuities still unborn”. 
Therein lies a major challenge. 

The problem is not one of scientific and technological 
ingenuity alone. At one level it reflects the inherent 
unbalance between supply and demand in the raw materials 
field. The fact is that the supply of raw materials over a 
short period is not elastic, while industrial demand through 
variations in the business cycle and through technological 
change is relatively more volatile. At another level there is 
the impossibility of any adequate solution within the frame- 
work of a self-sufficient economy. Thus, whereas fifty years 
ago the United States produced practically all its own 
basic raw materials, today it is a major importer and uses 
35-40% of the free world’s output. There are many com- 
modities where the United States takes the greater part of a 
country’s output. While this degree of interdependence can 
be of great potential benefit to both parties, it raises 
difficult questions of policy, with the further complication 
that developments in American supply and demand have 
repercussions on other nations who have to import raw 
materials. Nor is Britain’s position unimportant: apart from 
our influence through the siting in London of many 
commodity markets, two-thirds of our imports are basic 
raw materials, and fully half of these stem from the 
Commonwealth. 

The Paley Commission laid down the objective of a 


materials policy as being “to insure an adequate and 
dependable flow of materials at the lowest cost consistent 
with national security and with the welfare of friendly 
nations”. The problem is clearly not one for the politician 
and the economist alone, but also one for the scientist and 
technologist. Thus, though an absolute shortage of any 
material is for long unlikely—technological progress is con- 
stantly reducing the raw material content—new materials 
are constantly required in growing diversity, and must be 
available at costs which will permit of their ever wider 
utilisation. The extent of the range of these new materials 
is not always realised—a relatively recent estimate of two 
hundred of these is probably by now too conservative. On 
the other hand, difficulties of raw materials supply could 
certainly slow down the economic exploitation of inventions 

the development of jet engines, gas turbines, and nuclear 
reactors will certainly affect the demand for new high- 
temperature metals, nickel, columbium, tungsten, cobalt, 
and chromium. 

It is here that the role of science and technology is 
crucial. While it would be wrong to advocate a policy of 
conservation, demand is likely to grow and mankind cannot 
rely on necessity always being the mother of invention. 
Indeed, if the availability of materials is to be harmonised 
to industrial growth without needless and frustrating 
delays, there must be overall planning of materials tech- 
nology and ceaseless looking ahead. More information and 
techniques of discovery are needed. Thus there must be 
minerals farther below the earth’s surface than we have 
been able to explore. Moreover, industry has so far learned 
only to use a fraction of the elements and substances that 
surround us. The possibilities of “recycling” are con- 
siderable. We take materials from the earth and they are, 
through natural processes, eventually restored to it: thus 
wherever this cycle is accelerated, more intensive use is 
possible. There is the question of waste in production: big 
savings can be effected by more scientific studies of produc- 
tive processes. The problem of scarce materials can be met 
by still further substitution and synthetics. Then there is 
the problem of low concentrations of materials and the 
possibility of extraction from the oceans. But overshadow- 
ing all is the more economical use of resources that nature 
can renew—in particular the contribution of solar energy 
to our fuel and mineral problem could be profound. 

Work and planning of this nature can only be inter- 
national. It would be churlish not to recognise what has 
been achieved by way of fact-finding work by the Common- 
wealth, the United States, the United Nations, and the 
stabilisation work of the now defunct International 
Materials Conference. But the reality must be faced that this 
is no longer a field for undisciplined growth and that the 
exploitation of the earth’s resources requires the closest 
linking of scientific, political, and economic thought. Only 
along these lines can there be a balanced progress for 
humanity. 
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THE SCIENTIFIC FILM AND TELEVISION 
Millions of people have seen scientific films, and to many 
of them it must have been their first glimpse of science; 
perhaps a few were sufficiently enthralled to take up a 
scientific career. But however efficient scientific films were 
in the popularisation of science, there seems little doubt now 
that this particular role of the film is rapidly nearing its end. 
In the same manner in which scientific research created the 
cine-camera at the end of the last century, so the cathode 
ray tube of the research laboratory is now being used for 
the entertainment of mass audiences; and the popularisa- 
tion of science must fall into this category. These and 
many other aspects of the scientific film were debated in 
September by delegates from twenty-six countries at the 
XIllth Congress of the International Scientific Film 
Association at Keble College, Oxford. 

This Congress and its twelve predecessors have in vain 
tried to define the term “scientific film”. This is, perhaps, 
not surprising, as there can be no single valid phrase to 
embrace all the many aspects of interaction between science 
and film. Indeed, much valuable time at the congresses has 
been wasted on this sterile pursuit. Such non-committal 
phrases as films dealing with scientific subjects, films made 
by scientists, or films which scientists like to see, are 
naturally not acceptable. Only by subdividing scientific 
films into those made for scientific research, for scientific 
teaching, for the documentation and popularisation of 
scientific achievements and, finally, for scientific fiction, 
can a useful discussion be promoted. Apparently the 
category of science-fiction films has never yet been formally 
discussed at any of the ISFA congresses. 

Scientific research films and those dealing with scientific 
education have each a flourishing section; their work in 
iheir own fields is carried on throughout the year in all the 
member-countries of the Association and come annually 
under review at the Congress. The value of scientific 
cinematography as a research tool, or the use of the film 
for the education of specialised groups will never be 
doubted. It is the film which deals with the popularisation 
of scientific subjects which has come under heated dis- 
cussion in recent years at the international congresses, and 
yet it is this very film which is so rapidly nearing the end 
of its usefulness. At least in those countries where television 
has established itself; and it is likely that during the next 
decade all major countries will be equally well covered by 
television networks. 

In considering the difference between film and television 
as a medium for the popularisation of science, one may well 
begin with a quantitative fact. How many people see a film 
on the screen or television? The maximum audience ever 
claimed for a scientific film was 11 million for “Transfer 
of Power”, a Shell film made in 1936 which reached this 
remarkably large audience after twenty years of screen- 
ings in many foreign-language versions. In contrast to this, 
the “Restless Sphere”, a BBC science-broadcast about the 
IGY, which was presented by the Duke of Edinburgh in 
June 1957, has reached an audience of 60 million after two 
years. The broadcast was, of course, recorded on film and 
rebroadcast from many foreign television stations. If, 
therefore, it is the aim of the populariser of science to 
reach the largest possible audience, television must be his 
preferred medium. If it is suggested that the “Restless 
Sphere” was a quite exceptional programme and that these 
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figures are never reached by a normal science television 
programme, then the reply must be that even the most 
ordinary scientific programme which goes out over tele- 
vision reaches audiences numbered by the million, and not 
by the tens or hundreds of thousands which good scientific 
films may reach after years. These quantitative facts alone 
must demonstrate the shape of things to come. 

If the contents of scientific television broadcasts is com- 
pared with the subjects of scientific films, there appears at 
first little to choose between them. Whether astronomy, 
psychiatry, biology, or interplanetary flight is to be demon- 
strated, at either an academic or a popular level, both 
media appear equally competent. Yet the differences in 
production technique instil their own subtle contrast. Much 
has been made of the concept of immediacy of television, 
where the viewer knows that if the experiment in the studio 
goes wrong, he will see the human fallibility of the scientist 
at the same instant it occurs. The perfections of the film, on 
the other hand, would never allow anything but the most 
polished end result to appear. How much importance 
should be attached to immediacy has apparently not yet 
been investigated by scientific research; one may well argue 
that television will, after fifty years of existence, be as great 
a perfectionist as the film is today. 

But there is a far more subtle difference in presentation 
of the scientific subject. The film uses a completely objec- 
tive and documentary presentation with an impersonal 
commentator speaking the thoughts of its producer. Tele- 
vision capitalises on personalities, it places the scientists 
squarely in front of the camera, either in his own laboratory 
or in the studio, and then asks him to speak for himself. 
Naturally, few scientists can achieve eminence in their own 
field and be at the same time perfect expositors in front 
of a camera; those who have combined these two charac- 
teristics have, of course, appeared more than once on the 
screen. Yet there seems to be no danger of making these 
few into “stars”, if British experience can be quoted. His 
reputation as a scientist will always come first, and the 
opinions of his colleagues will soon curtail any excessive 
devotion to television. 

There is yet one further difference between the scientific 
film and television. In the case of the film, the audience is 
captive, that is to say, it has come to see the film, and 
except for rare occasions, it is not likely to leave the theatre 
before the end of the presentation. On the other hand, the 
television producer goes into the house of the viewer, to 
attract and to hold him, and to win him away from any 
rival channel. The television producer must therefore offer 
his material in the most attractive manner possible, and if 
in a few rare instances sensational aspects of science have 
been employed to achieve this end, then this must be con- 
demned. At least in Britain, the television producer has 
been content to make the stimulation of interest his major 
aim, or, to quote from the Oxford discussions on this 
subject, to be “cntertainingly informative”. With these 
aims, no one can find fault. They have been accepted ever 
since Michael Faraday started his famous Friday evening 
discourses at the Royal Institution over one hundred years 
ago. The film has merely increased Faraday’s audiences by 
an order of magnitude of a hundred; and television has 
again multiplied the film’s audience by the same magnitude. 

Finally, the use of existing scientific films as material for 
television must be mentioned. Experience in Britain has 
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Plastics beads, a vibrator place, and a ping-pong ball were used by Sir Lawrence Bragg, F.R.s., 

when he explained very simply the principles of atoms and molecules on BBC Television. His 

science programmes entitled “The Nature of Things” were televised from the Lecture Theatre 
of the Royal Institution during November. 


shown that the normal documentary scientific film can 
hardly ever be used in its entirety for television, although 
this practice may well differ in other countries. Excerpts 
illustrating a particular point are, however, often welcome, 
particularly where research films are concerned. With the 
ability of the cine-camera to compress or to expand the 
time scale of any event, with its access to radiation invisible 
to the human eye, and with the permanency of the film 
record, the results of scientific cinematography are very 
often to be seen on British television. There are also fre- 
quently occasions where a cine-camera can find a way to 
enter into particularly difficult surroundings and where it 
would prove uneconomical to set up an outside broadcast 
unit. The recording of television broadcasts, it may be men- 
tioned in passing, is now almost entirely done on magnetic 
tape—for example, by the Ampex system. Immediate play- 
back and re-use of the recording material are the major 
advantages. 


If the film is a descendant of the theatre, television will 
always claim the radio as its parent and the ephemeral 
nature of the two broadcast media can only justify their 
high production costs if their audiences can be numbered 
by the million. It is now certain that these millions are 
receptive to scientific television broadcasts when presented 
in an entertainingly informative manner, and it is good that 
this should be so. After all, it is ultimately from their 
pockets that scientific research is financed, whether in 
industry, government, or university laboratory. If they can 
partake, right in their own home, in the excitement of 
scientific progress, and if their interest is stimulated to 
inquire further about science, then the medium which 
reaches the greatest number of viewers must have the 
support of all scientists. The International Scientific 
Film Association would be well advised to embrace tele- 
vision in its section which deals with the popularisation 
of science. 
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SCIENCE INTERNATIONAL ON BBC 
TELEVISION 

This month the Outside Broadcast Department of BBC 
Television launches a new series of programmes called 
“Science International”. They mark a departure in the 
presentation of science on television in that they will put 
on a regular basis the scale of effort devoted to “The Rest- 
less Sphere” (the programme referred to in the preceding 
editorial). 

Science International is a long-term project. It is not a 
regular series, indeed the programmes will only be broad- 
cast annually, but they are being designed to treat vital 
scientific topics on a global scale and bring them forcefully 
to the attention of the viewer. 

To launch the series on December 1, the BBC has pre- 
pared two of these programmes for transmission within one 
week. The first is called “What is Life?” and tells the story 
of recent discoveries in cytology, biochemistry, and viro- 
logy. The second programme is called “The Last Scourge” 
and will present an up-to-date research report on the non- 
clinical aspects of cancer research. The scripts have been 
written by Gordon Rattray Taylor, who writes the “Eye on 
Research” series, and the producers will be Humphrey 
Fisher and Aubrey Singer. Both programmes will be an 
hour in length. 

Ihe transmission of two such spectacular science pro- 
grammes within one week indicates a bold approach to the 
neglected but important life sciences. This attitude 1s 
reflected in the measures being taken to ensure that the 
programmes are well presented. For apart from commis- 
sioning filming in America, Europe, and the U.S.S.R., 
especial care has been given to the studio set which is the 
linking-point for both programmes. 

The centrepiece of this set is the Upjohn cell. This 
brilliant piece of design in Perspex is the first attempt ever 
made to represent the ultra-structure of the cell in three 
dimensions. It was commissioned by the Upjohn Company 
of Kalamazoo, Michigan, U.S.A., and designed by Will 
Burtin, one of America’s leading designers. The model is 
a half hemisphere 24 ft. in diameter and 9 ft. high, and 
represents a millionfold magnification of a cell at inter- 
phase. Its construction was undertaken by the Upjohn 
Company in recognition of the growing importance of 
cytology to medical research, and for the last four months 
it has been one of the star exhibits in the Chicago Museum 
of Science and Industry. It was flown over to Britain 
especially for these two television programmes 

To introduce the viewers to the ultra-structure of the 
cell as well as the virus, two electron microscopes are being 
installed in the television studio by Metropolitan-Vickers. 
These are their latest E.M.6 models and they will be fitted 
with image intensifiers. This technique was developed by 
Dr M. E. Haine and P. A. Einstein, and was first shown at 
the Physical Society Exhibition this year. It was evolved to 
facilitate the direct viewing of specimens at maximum 
magnification, but in the present context it has the advan- 
tage that it turns the electron microscope into a television 
camera, and it will enable viewers to see specimens at the 
top limits of magnification. This should produce exciting 
television, for it will be possible to see a complete cell and 
then zoom in to explore the ultra-structure; the mito- 
chondria, the golgi apparatus, and other details. 

Other apparatus and models are being installed. There 
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will be optical microscopes attached to industrial television 
cameras as well as a big model demonstrating cell meta- 
bolism, virus models, DNA models, and so forth. 

Prof. Michael Swann, who occupies the Chair of Zoology 
in the University of Edinburgh, will act as guide and 
authority in both programmes, putting matters in their 
context, and pointing the way forward to the next stage. 
Raymond Baxter, the only layman in the two programmes, 
will represent the viewer questioning the experts. 

The ground to be covered in “What is Life?” on 
December | is the cell; what it is, what it does, how it does 
it, and how it started. Among the British scientists taking 
part in the studio are Mr R. Horne and Dr Sidney Brenner 
of the Cavendish Laboratory, Cambridge; Prof. F. G. 
Young, F.R.S., of the Department of Biochemistry at 
Cambridge: and Prof. L. S. Penrose, F.R.s., of the Galton 
Laboratory at University College, London. 

Contributions on film are made by Dr M. Mitchison of 
the Department of Zoology in the University of Edinburgh: 
Dr M. Meselson of the California Institute of Technology. 
Pasadena; Dr Sober, Chief of the Laboratory of Bio- 
chemistry, National Cancer Institute, Bethesda; Dr Britton 
Chance of the University of Pennsylvania, Philadelphia: Dr 
David E. Green of the Institute of Enzyme Research, 
University of Wisconsin, Madison, Prof. Harold C. Urey 
of the University of California, La Jolla, and Dr Melvin 
Calvin, Professor of Chemistry, University of California, 
Berkeley. In Paris, Dr Marianne Grunberg-Manago has 
been filmed at the Institut de Biologie Physico-Chimique, 
and from Moscow comes a filmed contribution by Academi- 
clan A. |. Oparin, Director of the A. N. Bach Institute of 
Biochemistry of the Academy of Sciences of the U.S.S.R. 

The subjects to be dealt with in the programmes are The 
Mysterious Cell, a sequence showing the many actions and 
specialisations of the cell: The Ultra Structure, showing 
how the electron microscope has revealed hitherto unsus- 
pected detail of the cell: Metabolism of the Cell; The 
Nucleus, Nucleic Acid and the Virus; Current Research 
Work into these facets; and the programme ends with a 
sequence on the Origins of Life on Earth. 

In “The Last Scourge’, on December 8, viewers will be 
shown current lines of research into the origins of cancer 
in the tight of what has already been discovered about the 
cell. The clinical aspects of cancer will not be dealt with. 
On this occasion the studio and film contributions will be 
supplemented by Outside Broadcast Units at the Chester- 
Beatty Research Institute and at the Research Unit of the 
Imperial Cancer Research Fund at Mill Hill, both in 
London. 

Those taking part in the studio include Michael Aber- 
crombie, F.R.S., of the Department of Anatomy, University 
College, London; Dr Ambrose and Prof. E. Boyland of the 
Chester-Beatty Research Institute; Dr J. H. Sang of the 
Agricultural Research Council, Edinburgh; and Dr C. E. 
Ford of the Radiobiological Research Unit at Harwell. 
Prof. Alexander Haddow, F.R.s., Director of the Chester- 
Beatty Research Institute, will be seen at his Institute, and 
Dr R. J. C. Harris, the Director, with Drs Simons and 
Craigie at the Imperial Cancer Research Fund Unit at 
Mill Hill. 

British scientists and doctors who appear on film include 
Dr J. F. Loutit, Director of the Radiobiological Research 
Unit of the Medical Research Council at Harwell; Dr 
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THE UPJOHN MODEI 


24 ft. in diameter and 9 ft. high, it was designed by Will Burtin and commissioned by the 
Upjohn Company of Kalamazoo, Michigan, U.S.A 


Michael Stoker of the Department of Virology, Anderson’s 
Medical College, University of Glasgow; Dr Kenneth Rees 
of University College Hospital Medical School; and Dr 
Peter Walker of the Department of Zoology at Edinburgh 
University. Filmed contributions made in America come 
from Dr Leonard Berwick, M.D., of the University of 
Pennsylvania; Dr Clifford Grobstein of Stanford University, 
California; Dr Aaron A. Moscona of the University of 
Chicago, Illinois; Dr Van R. Potter of the University of 
Wisconsin; and Dr Earle of the National Cancer Institute, 
Bethesda. Cancer research in France is represented by Dr 
Latarget of L’Institut du Radium, Laboratoire de Pasteur, 
Paris. 

The subjects they discuss are: The Scope of the War 
Against Cancer: Mestastasis and Cell Surface; Control of 
Growth; and the Chemical, Radiation and Virus Causes 
of Cancer. Finally, there will be a discussion and summing- 
up of what is known at present about cancer. 


The BBC deserves indeed the warmest congratulations for 
this most magnificent step forward in the communication of 
science to the layman. When discussing in DISCOVERY over 
two years ago (1957, vol. 18, p. 323) the famous IGY pro- 
gramme “The Restless Sphere”, we said: “it can only be 
hoped that the BBC, in collaboration with the Royal 
Society, will present further similar programmes about 
science. Instead of retreating from its unique position, the 
BBC should go forward and show in an appropriate manner 
that science is the greatest adventure of the 20th century.” 
If the present programmes should prove as excellent as 
“The Restless Sphere”, then further millions of viewers all 
over the earth will share the excitement of scientific 
research with those who undertake it. There can be no 
greater aim for any scientist than to increase man’s know- 
ledge and to share the results with the whole of mankind 
for their benefit; “Science International” is a marked step 
forward in this direction. 
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ASTRONAUTICS IN LONDON 

A few days before the launching of the Russian moon 
rocket Lunik II, three conferences on astronautics were 
held in London. Two of these were at Church House, 
Westminster—the first Commonwealth Spaceflight Sym- 
posium from August 27 to 29 and the Tenth International 
Astronautical Congress from August 31 to September 5. 
They were organised by the British Interplanetary Society, 
with assistance from industry. In addition, the Second Space 
Law Colloquium was held, in association with the Con- 
gress, in the Great Hall of Lincoln’s Inn, on September 4. 

Most of the papers were of reasonable standard though 
futuristic. There were few reports of the results of experi- 
ments already carried out, but that is only to be expected 
in this field. Many, of the futuristic projects are being 
financed by the U.S. Government. 

The Congress was opened by the then Minister of Supply, 
Mr Aubrey Jones, who drew a comparison between his 
relationship with the scientist of today and that existing 
between the Grand Duke of Florence and Leonardo da 
Vinci (who became a government scientific civil servant in 
1610, saying: “I have many and most admirable plans and 
devious, but they could only be put to work by princes, 
because it is they who . . . make most splendid expenditure, 
and not I or any private gentleman’). Mr Jones surmised 
that he had been invited as a temporary princeling of the 
modern age. He went on to rebuke “certain learned 
opinion which is somewhat depreciatory of this whole 
subject of space exploration”, and said that he was not im- 
pressed by the arguments against it which were advanced. 
Scientifically there was surely no doubt at all but that every 
State which claims to bear the banner of civilisation 
should do everything it can to encourage advances in the 
knowledge of the physics, chemistry and even the biclogy 
of space. 

This is the most forthright statement in favour of space 
research yet made by a British Government spokesman. 
It is to be hoped that it implies that a greater effort is to be 
devoted to astronautics. The British space-flight programme 
announced recently bears no comparison at all with the 
U.S. programme outlined in the opening address to the 
Congress, given by Dr Hugh L. Dryden, Deputy Adminis- 
trator, National Aeronautics and Space Administration. 
NASA expenditure on space research is at present about 
£175 million per annum. In addition to the present series 
of satellites and space probes, preliminary work has been 
undertaken on manned satellites; the use of satellites for 
communications, meteorology, and so forth; manned 
exploration of the Moon; and rockets to Mars and Venus. 

Some of this work was described in more detail in indi- 
vidual papers, Brig.-Gen. Don Flickinger, USAF, outlined 
the procedure for selecting and training the crew for future 
manned spacecraft (the manned satellite Mercury should be 
launched in 1962). It looks as if spacemen will be among 
the most highly trained personne! there are. To get 
accepted not only do they have to be in tip-top physical 
and mental condition but also be fully qualified military 
test pilots. After acceptance, in addition to maintaining 
fitness and becoming fully acquainted with the control of 
the vehicle, they have to learn about its design and con- 
struction, orbital hygiene (a satellite flight might involve 
several days in a confined space without gravity, a con- 
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dition not met with on Earth and which cannot be simu- 
lated for more than a minute or two), and survival 
techniques. Although attempts will be made to bring down 
the satellites in selected areas, initially they will be cap- 
sules rather than winged vehicles, and will have little 
manoeuvrability, so that they may surface anywhere on the 
globe. The pilots have to know how to survive in Arctic 
wastes or tropical jungle, in mid-ocean or a barren desert. 
They are also being given an academic education in orbital 
dynamics, astrophysics, space biomedicine, meteorology, 
and geography. 

M. W. Rosen and F. C. Schwenk spoke about one of 
NASA’s projects for manned flight to the Moon, in which 
a five-stage rocket (Nova) weighing 6:7 million lb. at 
launch would be used. The vehicle would stand about 
220 ft. high, and the first (bottom) stage would be 48 ft. in 
diameter and powered by six engines, each of 1-5 million Ib. 
thrust. The first three stages would be used to set the 
remainder of the vehicle coasting along its path towards 
the Moon. As it neared the end of the journey, small 
auxiliary jets would be used to orientate it correctly and 
then the fourth stage would be fired to brake the vehicle 
for landing on the Moon. 

The crew of two or three men would explore the Moon 
over a period of twelve Earth gays, and would return to 
Earth in the cabin propelled by the fifth-stage motor. 
Much less power is required for the return journey, as the 
Moon is a less massive body than the Earth. The capsule 
containing the cabin would eventually re-enter the Earth’s 
atmosphere and be slowed down by atmospheric drag. 
The heat generated is removed by ablation—disintegration 
of the material of the shell by fusion or vaporisation. 
Parachutes would be used for the final stages of the descent 
—and would also be employed to recover the expensive 
first stage after launching. 

Nova is thus a project for direct flight to the Moon. 
Preliminary work on the project is in progress, but it will be 
several years before the flight can take place, if it is finally 
approved. Experience in manned re-entry will first have to 
be gained with the Mercury satellites, and equipment for 
use on the Moon will have to be perfected. Above all, the 
development of the vehicle itself will take several years. 

An alternative scheme is further advanced. This employs 
the three-stage Saturn vehicle, now under construction and 
due to undergo flight trials at the end of 1960. Saturn’s 
first stage is a cluster of existing engines. As their total 
thrust is only about 1:25 million Ib., direct flight to the 
Moon is not possible, but by putting several Saturns in the 
same satellite orbit, they could be homed on one another. 
It might then be possible to assemble and fuel the lunar 
vehicle in space. 

It remains to be seen whether it will take longer to 
master the necessary techniques of orbital homing and 
orbital construction than it will to perfect the huge Nova 
vehicle. Orbital techniques have long been discussed in the 
serious literature of astronautics (to say nothing of science 
fiction). Now at last, the United States is spending a con- 
siderable sum in attempting to implement the idea. The 
Saturn will be built by the hundred and may be employed 
for other advanced projects, such as the construction in 
space of large permanent orbiting space stations. 

Some of the other papers can be related to these projects; 

















Soviet working model of a space station in orbit round 

the Earth, a new exhibit at the pavilion of electrification 

in the U.S.S.R. at the permanent national exhibition in 
Moscow. 
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they included studies of ablation of materials in hypersonic 
flight, and an analysis of the accuracy needed to enter the 
atmosphere of a planet successfully. It is possible to define 
an “entry corridor” within which the space vehicle must 
travel. Outside this corridor either the atmospheric drag 
is too small, so that re-entry is not completed and the 
vehicle shoots past the planet into space again, or the de- 
celeration is too high for the crew to endure. The width and 
altitude of the corridor depend on the characteristics of 
both the planet and the vehicle. Mr Dean R. Chapman of 
NASA stated that in everyday terms entry into the Martian 
corridor needs about the same accuracy as that with which 
a skilled baseball pitcher pitches a strike—or a rounders 
player for that matter. For Venus or the Earth the accuracy 
required is about the same as for William Tell to hit the 
apple at twenty paces—and the consequences of failure 
are equally unfortunate. For entry into Jupiter’s corridor, 
the accuracy must be at least ten times greater than that 
for hitting the bull’s-eye of a rifle target. 

There was no general theme for the Congress, and so a 
wide range of subjects was covered. One of the most impor- 
tant topics was advanced propulsion systems, including 
nuclear, ion, plasma, electric and photon rockets. For some 
time nuclear engines (in which the heat developed in the 
reactor is transferred to a working fluid to form a high- 
velocity jet of gas) have been under development in the 
U.S.A., but it looks as if an ion rocket will be flying first. 

The ion rocket functions by the acceleration and expul- 
sion of a jet of charged ions—it has been compared to an 
extremely powerful cathode ray tube without the screen. 
As it can only function in a vacuum it will have to be 
ferried up into space by a chemical rocket. According to 
R. H. Boden of the Rocketdyne Division of North 
American Aviation a flyable engine will be available in a 
few years; experiments have already been made with ion 
thrust chambers inside evacuated enclosures and the results 
have been promising. 

A new technical development almost inevitably produces 
new legal problems—witness the spate of legislation which 
has followed the invention of the automobile. The Second 
Space Law Colloquium was held to discuss some of the 
legal issues posed by astronautics. These lie mainly in the 
sphere of international law, and involve such questions as 
the choice of an upper limit to the air space over which a 
nation can claim sovereignty, the responsibility for damage 
caused by descending satellites or space vehicles, the alloca- 
tion of radio frequencies for transmission to and from the 
satellites and vehicles, the annexation of extra-terrestrial 
territories, and so on. “Colloquium” is an inappropriate 
name for the meeting at Lincoln’s Inn—about two dozen 
prepared contributions were read and there was neither 
time for nor encouragement of discussion. 

As a result of this meeting, the Council of the Inter- 
national Astronautical Federation later decided to set up 
an international institute of space law (the actual title will 
be chosen later), and appointed a small committee to draw 
up a constitution for the institute and handle any legal 
questions arising during the year. The committee’s Chair- 
man is Mr Christopher Shawcross, Q.c., brother of Sir 
Hartley, an expert on air law, and the secretary is Mr 
Andrew G. Haley, last year’s IAF President and now 
appointed General Counsel of the IAF. 
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It was also decided that an international Academy of 
Astronautics should be established. Dr Theodore von 
Karman was given authority to draw up the draft con- 
stitution of the Academy for consideration by the IAF 
Council next year. He was also instructed to form a small 
committee of distinguished scientists to select the first 
Academicians. Thereafter the Academy would be self- 
perpetuating, in the manner of the Royal Society. It would 
have sections for science, engineering, and medicine, but 
the social sciences would be within the province of the 
space law institute when it is formed. 

Prof. Leonid Sedov, Chairman of the U.S.S.R. Academy 
of Sciences Commission on Astronautics, was elected 
President of the IAF for the coming year. This was taken 
as an indication that Russia would participate to an even 
greater extent in future IAF activities; in previous years 
Prof. Sedov has always declined to stand for the Presidency. 

The next Congress will be held in Stockholm, August 
15-20, 1960. The 1961 meeting will be in the U.S.A., and 
possible locations for the 1962 Congress include Moscow, 
Buenos Aires, and Yugoslavia. 

The Commonwealth Spaceflight Symposium which pre- 
ceded this year’s Congress was planned on a smaller scale, 
but was nevertheless quite successful. Its main purpose 
was to emphasise the need for a more vigorous British 
space-flight programme by indicating some of the projects 
which could be tackled by pooling the resources and 
abilities of the Commonwealth as a whole. 

Unfortunately, attendance from oversea Commonwealth 
countries was poor—indeed that from the U.S.A. was far 
greater. Contributions were, however, offered by Australia, 
Canada, and India. The point was made during the 
Symposium that it should be possible to arrange the British 
programme so that money for building launching or track- 
ing sites could be spent in one of these countries and thus 
be of benefit to its inhabitants. 

The Symposium was opened by Sir Eric K. Harrison, 
K.c.V.0., High Commissioner for Australia, who said that 
Australia would welcome proposals for the launching of a 
British satellite. Already £70 million had been invested in 
the Woomera rocket range and another £50 million was to 
be spent in further development. By employing the range 
for satellite launching, better use could be made of its 
facilities. 

Three of the papers presented stand out from the others. 
A new type of jet engine was proposed by Dr W. F. Hilton 
of the Hawker Siddeley Group. This was suitable for pro- 
pulsion in the upper atmosphere and was expected to have 
a fuel economy superior to the rocket at Mach numbers 
between 5 and 10. It might assist in the propulsion of 
ballistic missiles or serve as the middle stage of three-stage 
space vehicles. The basic principle of the engine is the use 
of shock heating to produce spontaneous ignition of air- 
fuel mixtures at supersonic speeds. The proposed intake 
would be octagonal and would compress the air to a pres- 
sure 315 times ambient, causing it to heat up to 1000°C. 

Another Hawker Siddeley contribution (by Mr H. R. 
Watson, of Sir W. G. Armstrong Whitworth Aircraft Ltd) 
described a manned satellite proposal. This would be of 
delta planform, with a flat lower surface and an upper 
pyramidal portion. Inside it would be a cylindrical capsule 
containing two men. The pyramid would be provided with 
retro-rockets for braking, and with two fins; it would weigh 





nearly 2 tons when fully loaded. It would be mounted 
together with a similar vehicle containing only propellants 
(an “image fairing” used to give a symmetrical aerodynamic 
shape) on top of a 100-ft.-high, three-stage rocket weighing 
150 tons, and would travel round the Earth four times in 
an elliptical orbit, the altitude varying from 700 to 80 miles. 

This is not a Government project but a preliminary 
feasibility study made at Hawker’s as a purely private 
venture. It has been carried far enough for aerodynamic 
tests to have been made on models of the satellite but the 
construction of an actual vehicle is only possible with 
Government backing. The next step might be to test a 
model with a 7-ft. span (the full-size vehicle spans 18 ft.) on 
top of a two-stage rocket made up from the existing Black 
Knight and Blue Streak rockets. This combination would 
be able to put the model into a satellite orbit. 

Three designs for two-stage rockets capable of launching 
satellites have been prepared by de Havilland Propellers 
Ltd, who are in charge of the Blue Streak programme. One 
was a straightforward Blue Streak / Black Knight combina- 
tion, and would be able to put 1000 Ib. in orbit at an 
altitude of 300 miles. This combination has the advantage 
of using existing vehicles, but it also has some drawbacks. 
It could not be used with the test towers designed for Blue 
Streak (Discovery, 1959, vol. 20, No. 8) and certain 
structural problems would arise from having the 1000-lb 
payload on the end of the long thin body of Black Knight. 

An alternative proposal uses the complete propulsion 
bay of Black Knight in association with modified tankage— 
a short cylindrical kerosene tank surrounded by a toroidal 
tank for high-test peroxide (this has resulted in the design 
being called the “doughnut” satellite). The doughnut 
would be made by joining two hemispherical tank domes 
end-to-end and would have the same maximum diameter 
as Blue Streak. This design overcomes the disadvantages 
associated with the previous combination, and its payload 
could be increased to 2000 Ib., but it would take a year or 
two to develop. 

The third design could be put into practice almost 
immediately. In it the first stage would again be a sub- 
stantially unaltered Blue Streak. Two existing solid rockets 
mounted side by side as a twin unit would make up the 
second stage, and the suggested satellite payload is in the 
form of two connected canisters indexed between the twin 
motors. 

These designs would enable an early start to be made 
with a British space-flight programme—and it would be 
an all-British programme. Although it has already been 
announced that British scientists will be able to use 
American Scout vehicles for satellite work, these will not be 
available for eighteen months. It is understandable that no 
decision to begin an all-British programme was taken while 
a general election was in the offing, but now that the elec- 
tion is over it should be possible to authorise the necessary 
expenditure. As was emphasised at the Symposium, the 
actual sum involved is not great by governmental standards; 
the effort we can afford is more likely to be limited by the 
availability of scientific and engineering personnel. As 
some redundancy is expected to develop in the aircraft 
industry in the near future and this industry is particularly 
suitable for undertaking much of the work involved, Britain 
could well undertake a more vigorous programme in 
astronautics. 






















HENRI LOUIS BERGSON (1859-1941) 
The work of Henri Bergson, the centenary of whose 
birth fell on October 18, is characterised chiefly by its 
originality. Though he evolved no great system of philo- 
sophy as did Schopenhauer, Hegel, Kant, or Spencer, as 
the first philosopher to recognise sufficiently the importance 
of change, he introduced new lines of thought which were 
at once startling and stimulating. 

The son of a Jewish musician and of a British mother, 
Bergson was born in Paris and was educated at the 
Lycée Condorcet, where he gave early promise of those 
intellectual qualities which were to place him among the 
outstanding thinkers of his time. He adopted French 
nationality before entering the Ecole Normale Supérieure, 
where his contemporary was Jean Léon Jaurés. Between 
1881 and 1883 he lectured on philosophy at the Lycée 
d’Angers and, after various other teaching posts, was 
appointed to the chair of philosophy at the Ecole Normale 
Supérieure in 1897, and to the corresponding chair at the 
Collége de France in 1900. As a lecturer he attracted and 
held the attention of his audience by the clarity of his 
exposition and by the graceful style in which he com- 
municated his ideas. Bergson had toyed with the idea of 
taking up a literary career before he decided to study 
philosophy, and all his books were written in language 
which, while retaining the restraint and conciseness 
favoured by the majority of his colleagues, possessed an 
imagery and colourfulness of its own, and was intelligible 
to the man in the street. It is significant that in 1928 he was 
awarded the Nobel Prize for Literature. 

Bergson succeeded Emile Ollivier at the Académie 
Francaise in 1918 and thenceforward devoted his great 
gifts to political problems and to the furtherance of inter- 
national relations. He led a mission to the United States 
and at the conclusion of the 1914-18 war presided over the 
committee on intellectual co-operation. 

Bergson’s first important departure from ihe lines 
followed by philosophers through the centuries came when 
he was twenty-five years of age. Pondering on the tenet 
that Time is an illusion, and realising that from Plato 
onwards philosophers had built their theories round the 
elimination of Duration and around the assumption that 
Finite Being and Eternity are one, he boldly thought of 
an alternative way of reasoning. Might it not be that 
Descartes’s “Je suis une chose qui pense” should be replaced 
by “Je suis une chose qui dure”? Was it not possible that 
the Being might be Time itself? In adopting this durational 
scheme of things for non-temporal values, he substituted 
for static values those with which his entire philosophy is 
saturated, namely the values of Motion and Change. Like 
Heraclitus of old, he regarded everything as in a state of 
flux, of ceaseless change devoid of repetition or recurrence. 
There being no recurrence, no guiding rules of conduct 
could be laid down to meet each new and unique con- 
tingency. In his belief, much of the confusion of early 
metaphysics was caused by the attempt to express Reality 
in terms of Space and to eliminate Time. He insisted that 
philosophy could advance only if its problems were 
attacked in the same manner in which the scientist 
approaches an investigation: the solution to each individual 
question must be sought without reference to general 
theories and established systems. 

In his thesis for the doctorate, published in 1889, and 
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entitled “Essai sur les données immédiates de la conscience” 
(English translation, “Time and Free-Will”, 1910), Bergson 
attempted a solution of the problem of free will based 
on the premise that illusions of the mind situate the 
appearances of space. In “L’Evolution créatrice” (1907, 
English translation 1911), he advanced the principle of the 
élan vital in evolution, the urge to create, as an alternative 
to the Darwinian theory of natural selection, which he felt 
did not adequately explain the evolution of intellect. He 
recognised the need for a closer relationship between 
intuition and intellect, between science and philosophy. 
Any attempt to keep them apart, he contended, would 
produce either soulless mechanism or illusory mysticism. 
Memory he saw as real Duration in which the past “gnaws 
into the future”. 

Bergson wrote on Einstein’s theory in “Durée et 
simultanéité” (1922), and in his last work, “Les deux 
sources de la morale et la religion” (1932), he contrasted 
the morality of established social groups (“closed” 
morality) with the “open” morality of the prophet, the seer, 
and the reformer. Ethics and religion founded on free 
creative spiritual energy follows the transition from the 
closed to the open society. Many of Bergson’s ideas exerted 
a profound influence on biological studies and on psycho- 
logical medicine. In a much discussed book, “Le rire” 
(1900, English translation 1911), he described laughter as 
a “social gesture”, a means of breaking in people to con- 
formity with the social pattern. 

Founder of the philosophy of Change, of Duration, and 
of Creative Evolution, Henri Bergson died in 1941 in his 
eighty-second year. His death made little impact on a world 
once more preoccupied by war. 
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ANTARCTIC TREATY PRECEDENT FOR SPACE? 
The twelve-nation Washington treaty, “freezing” political 
activity in the Antarctic for twenty-five years and turning 
the area instead into an international science reserve, which 
is expected to be completed about the time this issue 
appears, has considerable significance and value beyond its 
immediate object. Its specific provisions for the Antarctic 
are most satisfactory and offer a better solution for that con- 
troversial continent than could possibly have been foreseen 
even three years ago. Let us not be misunderstood on that. 
In an editorial last year (1958, vol. 19, p. 133) Discovery 
heartily endorsed the wisdom of President Eisenhower's 
proposal that set the machinery for this treaty in motion. 

But more than this, the treaty and the conference that 
has led up to it, is a most interesting and suggestive pre- 
cedent in international law. The great innovation is to 
legislate before trouble breaks out. The potential for trouble 
in the Antarctic up to three years ago was plentiful. The 
IGY diverted it; the new treaty should dam it. 

The main focuses for international “incidents” in the 
Antarctic have been two: the fact that both Argentina and 
Chile denied Britain’s claim to the Graham Land segment 
and have been counter-claiming aggressively ever since the 
war; and secondly, that various countries have been relying 
for the support of their Antarctic expeditions on military 
forces and facilities and these support activities have often 
been carried out as quasi-military exercises. Clashes 
between rival forces might always take place and some- 
times did. 

Now all that is over. Antarctica is to be open for explora- 
tion and research to any country interested. Co-operation 
between expeditions and mutual aid in those crises which 
spring up so suddenly in the unpredictable Antarctic con- 
ditions, is to be the order of the day; co-operation and 
exchange on scientific matters is to be even further 
expanded. Official inspection teams will see that there are 
no infringements of the demilitarisation statutes and that 
the overall neutral status of the area is preserved. The role 
previously played by naval vessels and other military forces 
must cease. 

It is not clear how the Americans, for instance, will fare 
without their naval ice-breakers and long-range naval 
transport aircraft upon which they rely to relieve and 
supply their scientific stations. The New Zealanders have 
also come to rely heavily on the American facilities. Per- 
haps the “Seabees” in the Antarctic will in future perform 
their duties in “civvies” and Britain’s naval escort vessel 
in the Antarctic, HMS Protector, will next year sail painted 
Magga-Dan red instead of battleship grey. Some such 
formula may be adopted, or it may be another. No one 
need be worried so long as the control measures relate 
to the intention of militarism and not merely its trappings. 
U.S. Naval Task Force 43 has performed invaluable scien- 
tific work in its own right. 

An indication of the already improved atmosphere in 
Antarctic affairs is the successful Symposium on Antarctic 
Research held in the Argentine at the end of November 
with the support of SCAR and the other principal inter- 
national scientific bodies. All the four Commonwealth 
Antarctic countries took part as well as delegates from the 
other eight SCAR member-countries. Such a meeting in 
this locale would have been unthinkable even as recently 
as five years ago. It is hoped that at the end of the twenty- 


five-year moratorium on political activity in the Antarctic 
the appeal of sovereign territory in the area will have 
dwindled to zero and a permanent agreement on using 
Antarctica in future for the general benefit of all nations 
will result. What that should be must wait for the dis- 
coveries the scientists and explorers will make now their 
work can go forward unhampered by political considera- 
tions. How can a region’s value be assessed until its nature 
is understood? 

An agreement similar to that for the Antarctic looks very 
promising as a formula for dealing with the legal and inter- 
national problems that will sooner or later be raised by 
national efforts in space exploration. The analogies between 
Antarctic and space exploration are remarkably close. Both 
the Antarctic and cosmic bodies are of great and unique 
interest to science but as political possessions—‘“colonies” 
—are of no compelling value; their interest for politicians 
must be reckoned mostly that of the dog in the manger— 
to prevent anyone else having them. Neither (as understood 
at present) have indigenous populations whose wishes and 
welfare need be taken into account; nevertheless, both may 
gain semi-permanent settlements in the course of the next 
few years and this would be better and more cheaply done 
in co-operation between nations than in competition. Both 
areas of activity have potentialities as political trouble- 
spots through the danger of rivalry in endeavour rather than 
through the advantages of possession. Effective inter- 
national co-operation in research in both spheres, within 
a framework regulated in advance in accordance with inter- 
national law has such overwhelming advantages in every 
way that one must believe that this will be the course 
eventually adopted. The present revival of good sense in 
the world’s political councils seems to suggest that the 
present is propitious for initiating some such agreement. 

There are indications that a move of this kind is 
imminent. 

The only nation so far to reach another cosmic body, the 
Soviet Union, has behaved with complete propriety. Upon 
announcing that Lunik I/ had successfully impacted the 
Moon on September 13, the U.S.S.R. promptly disclaimed 
all territorial interest in the Moon. But, can we be so sure 
that this is to be the invariable pattern on such occasions? 

The Russians seem prepared to protect cosmic bodies 
from mischievous earthly contamination in all its forms. 
They took special steps to see that no micro-organisms or 
radioactivity of terrestrial origin should reach the lunar 
environment with any of the fragments of Lunik II, in 
line with the recommendations of the ICSU committee, 
CETEX, that was the precursor of COSPAR. The sooner 
there is an international conference of all interested nations 

member-countries of COSPAR, for instance—leading to 
a treaty reserving space for scientific purposes exclusively 
and declaring it a demilitarised “zone”—the better. 

There have been a number of straws in the wind to 
indicate that some such idea is already forming in the 
minds of the world’s councillors. With the greatly improved 
atmosphere in the last two months at the several inter- 
national organisations concerned with space sciences, the 
present moment seems propitious. Indeed, the sudden 
change in attitude on the part of the Soviet members of 
these bodies—for instance, at the UN—suggests that the 
initiative may come from that direction. Let us hope so; it 
will have the better chance of success if it does. 
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SCIENCE MAP OF ANTARCTICA 
In line with the change in emphasis in Antarctic activities, Discovery now presents a new map 
of the area to supersede that published just before the IGY began. 

It no longer shows national territorial claims but stresses instead the progress of research and Copies of this map, 
exploration. The distinction in the earlier Discovery map (May 1956) between areas “seen by size 25 in. x 20 in., are 
man” and those never surveyed in any way is no longer realistic. Apart from the major traverses available from the 
by Sir Vivian Fuchs and others, long-distance aircraft reconnaissance, principally those made by publishers of Dis- 
the U.S. and U.S.S.R., have filled in the “unknown”, though much of it only roughly. covery. Details of 

This map shows: _ ; prices will be found 

(1) Position of stations expected to be in operation for some considerable time. South Africa inside the back cover 
takes over the Norwegian station this season and has struck a special stamp to mark the of this issue. 
country’s first expedition to the Antarctic mainland. 

(2) The position of the southern auroral zone has been revised on the basis of the best available 
calculations. These agree well with observations of aurorae made by IGY countries. 

(3) To fill in the vast gaps in Antarctic weather observations, SCAR had adopted the U.S. 
Navy's proposal to land “grasshopper” self-erecting robot weather stations in various key localities. 

(4) The proposed route of the imposing 4000-mile Russian seismic traverse from Mirnyy via 
the Geomagnetic, Geographic, and Inaccessibility Poles is marked. This is scheduled for this 
season and next. 
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TESTING MODEL SHIPS 
On October 19 the Duke of Edinburgh opened the new 
Ship Hydrodynamics Laboratory of the Department of 
Industrial and Scientific Research at Feltham. This new 
laboratory is part of the Ship Division of the National 
Physical Laboratory, which has two towing-tanks and a 
small water tunnel at Teddington to carry out tests on wax, 
fibreglass, or wood models to find out the best hull shape 
and propeller design for a new ship. It is now nearly a 
hundred years since this work started in Britain, in Torquay. 
The work of the Ship Division falls into three categories. 
About 40%, of the work comes from commercial firms. A 
firm is well advised if it has a model of a new ship made 
and tank-tested before being built, and nowadays nearly all 
firms do this when they are manufacturing a new design. 
As every ship has different problems each model becomes 
a small research project in itself. The basic cost of making 
and testing a wax model with specifications given by the 
boat builders is about £230. Of course, this figure can rise 
to thousands if the first model is not satisfactory and 
several different propellers or hulls are made and tested. 
Secondly, the Ship-building Research Association com- 


missions work on general ship design problems which are 
of immediate interest. Finally, the Ship Division has its 
own research programme which is financed by DSIR. This 
covers the more theoretical and basic side of research. 

The work has increased and expanded greatly and now 
includes research on such subjects as sea-sickness, vibra- 
tion damage, cavitation, stabilising, and the general effect 
of different types of rough seas on a ship, as well as general 
investigations, hull and propeller designs. Thus, for some 
time, the Ship Division has had great difficulty in carrying 
out its research programme and keeping to schedules. 
Though the main proposal for the Feltham project was 
accepted in 1946, construction did not start until 1955. The 
final laboratory has three main parts, as well as specialised 
laboratories and workrooms. It is important that high- 
speed ships should be able to maintain speed under bad 
weather conditions. Therefore, pitch, heave, and roll 
motions must be reduced. In order to investigate the prob- 
lems it is necessary to be able to run a model both in 
regular waves at different angles to the ship’s course and in 
irregular long-crested and short-crested waves. To carry 
out such tests the Division has built a tank, 100 ft. square 


The towing carriage—towing a 22-ft. model of a cable-laying ship—which will be 375 ft. long— 





and which is being tested to determine the engine-power required to drive it. 























and 8 ft. deep. These models will be free-running and 
remote controlled, and data from instruments will either be 
recorded in the model or telemetered ashore. 

Secondly, a 44-in.-diameter water-tunnel to test hydro- 
foil sections and propeller models under controlled condi- 
tions. One of the problems of operating water-tunnels is to 
maintain a constant air content in the water. Dissolved air 
comes out of solution in the low-pressure high-velocity 
parts of the circuit, and unless removed or reabsorbed the 
water becomes full of bubbles and the propeller cannot be 
seen. If the air is removed to give satisfactory observation 
conditions, it is no longer typical of sea-water. In the new 
tunnel the air is reabsorbed during each circuit by taking 
the water deep down below the measuring section and sub- 
jecting it to high pressure. To this end the lower horizontal 
limb of the tunnel is 10 ft. in diameter and 180 ft. below 
the measuring section. The vertical limbs are 87 ft. apart. 

Finally, a towing tank 1300 ft. long. This length is 
important, as models which can be much larger than those 
used on the Teddington tank can run at different speeds on 
a single run, thus reducing the time lost between single- 


The west end of the 1300-ft.-long towing tank at the Ship Hydrodynamics Laboratory, Feltham, 
showing the electro-hydraulic apparatus for making accurate waves. It was manufactured by 
Keelavite Hydraulics Limited, Allesley, Coventry. 
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speed runs on a short tank while waiting for the water 
surface to become calm. This tank is 48 ft. wide and 25 ft. 
deep, so it could be used for submarine tests if necessary. 
At one end of the tank there is a wave-maker capable of 
making waves from 5 ft. in length and 6 in. in height to 
40 ft. in length and 2 ft. in height. At the other end of the 
tank the towing carriage has been installed. It is designed 
to tow models up to 5 tons in weight and 40 ft. in length 
and the maximum speed attainable is 50 ft. /sec. (30 knots). 
It is a gigantic piece of equipment, 50 ft. square externally 
with an open inside 36 ft. square. It has four twin-wheel 
self-steering bogies giving a power of 1200 h.p. Its tracks, 
which run alongside the tank, have been levelled and 
aligned so that they follow a line parallel with the Earth’s 
surface: the maximum difference over the 1300 ft. is as 
much as } in., which is very significant in terms of the 
draught of a model. 

The overall aim of the Ship Division is to build up basic 
knowledge for the design of ships that can maintain high 
speeds in rough seas without danger and with a minimum 
of discomfort. 
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BIRMINGHAM MOTORWAY 


j. A. PYMONT 


Chief Planning Engineer, John Laing & Son Ltd 


Except for by-passes, no completely new roads have been built in Britain for a very long time. This 
is the first ever to be constructed specifically for motor-cars, as all previous roads were originally 
carriage tracks. 


The London to Birmingham Motorway is the first major 
motorway to be constructed in Britain. It commences at 
Slip End near Luton, where it connects with the St Albans 
By-Pass, and winds its way northward via Newport 
Pagnell and Northampton to Watford Gap, a few miles 
south of Rugby. Here the motorway divides, the Yorkshire 
spur continuing to the A428 at Crick forming the com- 
mencement of the London to Yorkshire Motorway, and 
the Birmingham spur, proceeding to the A45 south of 
Dunchurch, where it links with the Dunchurch By-Pass. 

The total length, excluding the St Albans and Dun- 
church By-Passes, is 55 miles, of which approximately 49 
miles is of dual 36-ft.-wide carriageways and 6 miles of 
dual 24-ft.-wide carriageways. In addition 17 miles of side 
roads were reconstructed where the routeing of the motor- 
way has interfered with their original alignment. 

It will be appreciated that a project of this nature, routed 
through the heart of Britain, must cause initially con- 
siderable disruption and inconvenience to many people. 
Many farms are severed in two parts, and must be re- 
connected with an access bridge. The motorway also 
crosses railways, rivers, canals, ditches, and roads contain- 
ing many public utility services. All of these must be 
bridged either under or over the motorway and this imple- 
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ments an important factor in motorway design. In the case 
of the London to Birmingham Motorway, it has been 
necessary to construct 132 major bridges and 90 smaller 
bridges or culverts. 

The motorway had also to be designed to cross country- 
side, quite undulating in places, maintaining a ruling 
gradient of | in 50, and at the same time crossing under or 
over the existing obstacles. Cuttings up to 45 ft. deep had to 
be removed and the excavated material was used to form 
embankments of 40 ft. high and more. To overcome these 
conditions and construct a motorway of over 55 miles was a 
major achievement of design and resulted in over 11 million 
cu. yds. of excavation, some of which had to be double- 
handled into position, and over 1} million cu. yds. of top- 
soil had to be rehandled and spread in a thin layer over the 
excavated areas in verges and central reserve. 

This mammoth construction project, expected to cost 
over £16 million, had to be completed in a period of 19 
months and to be handed over ready for use to the Ministry 
of Transport on November 2, 1959. The task was indeed a 
formidable one as nothing of such size and speed had 
previously been achieved in Britain. The contractors, 
however, were confident that, given reasonable weather 
and conditions, the project would be completed on schedule. 
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PRELIMINARY MEASURES 


It was obviously necessary on a project of such propor- 
tions to plan very carefully all major operations before- 
hand in order to get the maximum efficiency and usage from 
every part of the work. Before planning could begin, how- 
ever it was essential to determine the economic working 
unit and the amount of continuity which could be reason- 
ably expected. It was decided that the maximum length of 
motorway manageable by one person was 4 miles and 
because of this it would be necessary to sub-divide the work 
into a total of fourteen 4-mile lengths of road, with varia- 
tions in the lengths where an extra concentration of work 
warranted additional supervision. It was further decided 
that because of the speed of construction required, work 
on all of the sections should commence on the same day and 
that each section should proceed concurrently. Thus it 
would be necessary to provide each section with similar 
plant, staff, and labour, and provide continuity mainly from 
within the section. Flexibility and co-ordination of the 
sections were entrusted to project managers, each of whom 
controlled a group of three or four sections. 

A separate programme was prepared for each bridge and 
culvert on the project on the basis of construction in the 
most economical working period. These programmes did 
not take into account the actual period in which the struc- 
tures were to be built, or their continuity and phasing as a 
whole, the main object being to see how quickly the work 
could be completed under average conditions. 

At the same time as this work was proceeding, ten 
parties of engineers and surveyors, totalling fifty, set out the 
line of the road and side fences, while another fifty engineers 
plotted information and prepared cross-section details of 
existing ground levels and proposed road levels at 100-ft. 
intervals along the motorway. These cross-sections pro- 
vided the basis for calculations from which it was possible 





to assess the quantity of excavation or filling in any 100-ft. 
length of motorway. Mass haul diagrams were prepared to 
co-ordinate the calculated quantities and to assess the 
economic haulage distance of all excavated material. There 
were, of course, many complications of the simple calcula- 
tions required on a normal mass haul diagram. For 
instance, the Ministry of Transport had acquired the net 
amount of land required for the motorway but the negotia- 
tion of land required for diversions, topsoil, and working 
areas was carried out by the contractors. The acquisition 
of such land was essential, since it was required for the 
erection of offices,” stores, compounds, and storage areas 
before excavation work could be started. The first opera- 
tion in the earthworks programme was the removal of top- 
soil which had to be stacked on sites adjacent to the motor- 
way ready for replacing on the slopes and central reserve. 
Four land agents were authorised to acquire the land on a 
rental basis, and negotiations had to be urgently undertaken 
with farmers or landowners or their agents. Although they 
were not always able to agree on the rental of land most 
suited for the purpose required, they did, after much 
negotiation and arbitration, acquire at least an acre of 
land every quarter of a mile along the motorway. The 
acquisition of land took several weeks and therefore the 
earthworks programme was seriously affected. Work in 
some areas, which could have been advantageously begun 
early in the programme was somewhat delayed because of 
failure to acquire land for stacking the topsoil in time. 


PLANT ASSEMBLY 


Another major necessity to the earthworks programme 
was the acquisition and assembly of plant. A provisional 
forecast of plant requirements was given to the contractors’ 
plant depot at a very early date, and plant was brought 
into the depot from many other contracts, serviced, 
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ria, 3 Gop right), Excavating through 
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Planning Engineer, and author of this 
article, discussing the planning of a 
Service Area with two assistants in 
the Information Room Newport 
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overhauled and maintained, and allocated according to 
priority in the motorway programme. Over £5 million 
worth of plant was assembled and distributed in a very 
short period, but in some places failure to obtain the plant 
required at the proper time affected the timing of the 
excavation programme. Also affecting the programme was 
the type of material which was varied and changed in many 
places fairly abruptly. The terrain to be excavated included 
chalk, clay, sand, limestone, ironstone, silt, shale, and 
gravel, and different types of plant had to be brought to 
sites as the material varied with the increase in depth. Out- 
puts from plant fluctuated with this change of material, and 
in places additional plant was introduced in order to keep 
up to schedule 

Finally, it was essential that diversions should be com- 
pleted and, in many places, the permanent bridges and 
culverts be constructed, to enable them to be filled over as 
the excavation proceeded. This assisted in the easy com- 
paction behind abutments and also allowed free movement 
of plant over the obstruction. It became necessary at this 
juncture to weld the bridge and earthworks programmes in 
order to produce a master programme combining both 
operations. Although each bridge had already been pro- 
grammed on the basis of construction in an economic work- 
ing period, certain operations and timings had to be 
adjusted to facilitate earthworks procedure, continuity of 
operations for bridge formwork, and grouping of opera- 
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tions for easy supervision and supply of materials. Here 
again, more difficulties and disruptions had to be over- 
come. The bridges could be constructed by a number of 
different methods, by using cranes, hoists, monorail, 
concrete pumps, pneumatic placers and dumpers, and the 
most advantageous method of constructing each bridge 
was considered at the initial programming stage. Because 
of the grouping necessary for construction purposes and 
the continuity required however, new methods for con- 
creting procedure had to be introduced, which although 
not economic for the individual structure, became so when 
consideration was given to a group of structures. Access 
was very difficult to certain structures and long access roads 
of sufficient strength and durability were built beforehand 
so that the very large quantities of material required could 
move freely once construction had begun. Some of these 
access roads were built on bunds across flood areas so that 
the considerable quantities of material required for con- 
structing major viaducts in those areas could proceed un- 
hindered by floods. Bailey bridges were also erected across 
rivers and canals, and level-crossings obtained over rail- 
ways to give accessibility both for the easy movement of 
earthworks and bridge construction. 

Roadworks programmes were then considered and here 
the emphasis was on continuity and method. Designs had 
to be obtained for the erection of massive concreting plants 
which would be erected at 3-mile intervals along the motor- 


Looking south from $37, B3 section, during the final stages of concreting before the top 
layer of asphalt had been applied. 
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way, and arrangements were made for spreading sub-base 
material, construction of marginai haunches and hard- 
shoulders, with final topsoiling of embankments. It soon 
became obvious that with the vast quantities of material 
involved, the speed of construction of the roadworks would 
be controlled by the rate at which the supply of materials 
could be obtained. A buying organisation was consequently 
set up on site, which investigated material availability in 
detail, and also obtained planning permission where neces- 
sary to supplement the existing supplies by opening new 
pits and quarries. A comprehensive system was evolved 
whereby the buyers knew by 10 a.m. the following morning 
the supplies received at any point up to the previous 
evening. This was necessary since supplies were of many 
varieties of material, in large quantities spread out over the 
whole 55 miles of motorway. At maximum, over 35,000 
tons of materials were delivered daily, the control and dis- 
position of which, between sections, was from this central 
buying organisation. Short-wave radio between head- 
quarters and projects, and separately between sections and 
bridges, contributed a great deal towards this operation. 

The main quantities involved were: | million tons im- 
ported filling, 24 million tons sub-base material, 14 million 
tons dry-lean concrete, 4 million tons asphalt, 13,000 tons 
reinforcement steel, and 4 million tons of concreting aggre- 
gates other than in roadworks dry-lean concrete. 


WORK BEGINS 

On March 24, 1958, one week before the work was due 
to begin, the then Minister of Transport, the Rt. Hon. 
Harold Watkinson, M.P., pressed the button to sound a 
klaxon at the inauguration of the work. Excavators, 
scrapers, lorries, and men sprang to life as work com- 
menced simultaneously on each section of the motorway. 
Within a month, over 4 million tons of excavation was 
being handled weekly, and in May this reached the total 
of } million tons per week. It was therefore most important 
to effectively control and direct this great force. 

Programming and planning was an essential part of the 
initial stages of construction in order to direct the con- 
centration of labour and equipment, but this in itself was 
not sufficient to ensure progress. An effective means of 
checking that the weekly progress matched up to the pro- 
grammed amount of work was even more necessary, if 
effective extra and proper remedial measures were to be 
taken at points where difficulties arose, without seriously 
affecting the overall programme. A three-fold system of 
follow-up was therefore evolved which would enable the 
Project General Manager to know the accurate and up-to- 
date position at any point at a given time. 

Firstly a “target of work” was sent to each project every 
week. This target was taken from the programmes and 
consolidated into terms of quantities of output required. 
The target was adjusted each week where work had fallen 
behind, so that the operation could be caught up in a given 
number of weeks. These “project targets” were further 
broken down into “section targets” by the project plan- 
ning engineer, so that each 4-mile length of road had 
detailed information of their output to be achieved. This 
was discussed at the weekly section site meeting at 
which all senior site supervision attended and at this 
meeting the work was even further broken down into 
gang and machine outputs and details given to the gangers, 
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charge-hands, and machine-operators. In this way each 
knew exactly what he was expected to achieve during 
the week, and as far as possible this information was 
further supplemented with an indication of the work to be 
done the following week so that he could prepare for the 
coming week. This gang and machine-operator target was 
followed up by the section costing surveyor, who was able 
to inform the men of the amount of bonus they would get 
if they achieved the required target. Thus the men had 
sufficient incentive and reward to encourage them to meet 
the target. At the completion of the week's work the items 
were remeasured and bonus paid where the targets had 
been achieved. The information of the actual work done 
was fed back to headquarters where a summary of work was 
produced to measure against the target. This information 
was also plotted against programmes and drawings so that 
the progress could be watched each week against the areas 
where the work had been done. So it was possible to see at 
a glance the progress on each bridge, or alternatively the 
picture of progress on excavation, laying sub-base, concrete 
roadwork, asphalt, fencing, in fact all major operations 
anywhere on the road. 

Secondly, in some places and operations it became neces- 
sary to break the main programme down into daily and 
even hourly units. The railway bridges over the motorway 
were a case in point where all work was done in a 26-hour 
period of railway line occupation. Work was programmed 
in detail to fill every hour available to the utmost limit, and 
regular checks made as far as possible as the work pro- 
ceeded. Similarly, as work was drawing to a conclusion it 
became necessary to follow up the progress daily, in order 
to complete sections on time. 

Thirdly, information was fed back from the projects to 
headquarters each week giving details of labour employed 
on each section of the work, separated into trades, and also 
a list of plant being employed, where it was working and 
the work on which it was engaged. This enabled the Project 
General Manager to redeploy plant and labour according 
to priority and introduce extra plant at points wherever 
necessary. 

These three methods of progressing the work proved to 
be invaluable and contributed in a very large measure to the 
contract successfully keeping to schedule, especially in the 
wet period of the summer, 1958, when the work was 
seriously hampered. 

This contract has not been completed by one firm or one 
man, or even one system. Many people have pulled together 
in an endeavour to complete the work on time. The con- 
sultants, Sir Owen Williams and Partners, who designed the 
motorway, have always been most helpful in giving infor- 
mation well ahead of the construction and, also, have 
designed the motorway to give the maximum continuity 
and repetition of operations. The various services and 
public utilities which often at short notice and incon- 
venience have carried out difficult diversions and re-route- 
ing, and the Ministry of Transport which was behind the 
whole project and endeavoured to keep up to date with 
the many questions constantly referred back. All have had 
a large part to play in the execution of the work, but none 
greater than the workmen themselves who have overcome 
the difficulties and hazards of the British climate and still 
completed the contract to schedule. 
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SCIENCE AND THE ARTIST 


MICHAEL CANNEY 


Curator, Passmore Edwards Art Gallery, Newlyn, Cornwall 


The impact of science on mankind during the 20th century 
has been unlike anything in history. Man has learnt the 
secret of controlling his environment and has surrounded 
himself with tools, machines, buildings, means of transport, 
and ever-increasing sources of power which have at once 
eased his daily life beyond the wildest dreams of his fore- 
fathers and immensely extended his horizon. 

He has also created a number of new visual art media 
like photography, cinematography, and television. But as 
yet these seem to have attracted few men of genius, the 
majority of artists preferring to work in their traditional 
media of paint and sculpture. Only the cinema, in its brief 
and somewhat ephemeral existence has attracted men like 
D. W. Griffith, S. M. Eisenstein, Fritz Lang, Karl Dreyer, 
Robert Flaherty, Cavalcanti, and Pare Lorentz. Their work 


has already passed the test of time, and may well be 
admired by future generations as truly artistic creations 
made possible by scientific research. But like painters and 
sculptors, these great film directors and producers have only 
on the rarest of occasions chosen their subjects from the 
field of science. Equally rare is the use by modern sculptors 
of new materials, be they metals or plastics; although one 
might justifiably argue that transparency and lightness could 
give to sculpture a new look and almost a new dimension. 

The greatest structures the world has seen so far have 
been built by engineers during the last fifty years. Tele- 
scopes have opened the infinite vistas of the universe, and 
through the microscope a second, no less exciting, universe 
has been revealed to the eye. Have all these achievements 
left the artist unmoved and uninspired? THE EDITOR. 





The solid and stable world of pre-atomic physics has 
disappeared, and in its place the revelations of the nature 
of the atom have undermined the artist’s confidence in 
surface appearances. Everything that he took for granted 
has been questioned, analysed, and re-assessed; even his 
concepts of time and space have been radically transformed. 
The representation of objects in space upon a plane surface 
has been the special study of the painter for the last eight 
hundred years, and he cannot close his eyes to new dis- 
coveries in a field which so intimately concerns him. 

During the first and second decades of this century the 
Cubists were particularly susceptible to the zeitgeist, for 
they were unconsciously influenced by the scientific dis- 
coveries and philosophy of that period. They rejected the 
concept of space as mere “nothingness”, and made it posi- 
tive, by modelling it and giving it some sort of density and 
volume; in fact, the position of the spaces and forms in 
their pictures are frequently ambiguous. Other features of 
Cubism include the combination of a number of different 
aspects of the same object, three views of a table being 
regarded as nearer to the essence of “table” than one, and 
this superimposition of images may also, of course, have 
had some connexion with the early days of the cinema. 

Moreover, this multiple viewpoint introduced the time 
factor into painting, for the images were observed at 
different periods in time. It is not altogether impossible that 
they were influenced, in their painting of transparent forms, 
by the scientific discovery that objects were not solid any 
longer in the accepted sense. The exact and razor-like edges 
of their forms is in direct contrast to the subtle shading and 
nuances that occur at the edges of objects in earlier paint- 
ing. This precision of form had its counterpart in the 
emphasis which was being placed upon accuracy of 
measurement and observation in science and technology. 
One may assume that the artists were aware of the general 
outline and trends in science at that time, and without any 
conscious study of it they have produced an art which we 
can now see was representative of the period in which they 
were living. 





PROPER AND SIGNIFICANT RELATIONSHIP 

The aesthetic considerations which must be taken into 
account in painting and sculpture make it impossible to 
follow all the intricate processes of thought and feeling 
which go towards making up the final work of art. All that 
we know is that the artist is open to innumerable influences 
and, like other men, is susceptible to current philosophies, 
the advances of science, and the climate of life about him. 
His response is a sensual one, and not in any way coldly 
calculating. There is no indication, for example, that a 
painter such as Piet Mondrian used the “Golden Mean” or 
other mathematical devices with any regularity, to deter- 
mine the position of the lines in his grid-like pictures. 
There are signs, however, that artists who use mathematical 
formulae of this kind produce the most arid and uninspired 
works. The new forms which science presents to us are 
absorbed by the artist, and they sink into the subconscious 
alongside the apple and the nude, until they finally emerge 
upon the canvas, when the proper and significant relation- 
ship between them has been found, and a new image has 
crysta'lised. 

An artist whose work in this connexion has been of great 
interest is John Tunnard, and his paintings have com- 
mended themselves in particular to scientists and engineers 
during the last thirty years. An examination of his work 
might incline the spectator to think that his interests ranged 
over the strange “Wellsian” machines and structures which 
litter the contemporary landscape, and can be found in the 
factory or the laboratory. But this artist has in fact devoted 
his life, when not painting, to the study of natural science- - 
from the collection of small insects to the study of the 
habits of wild fowl and the creatures of the countryside and 
seashore. He has discovered that there are many similarities 
between these things and modern machinery; it is not 
entirely fortuitous that the tail of an invertebrate such as 
the dragonfly should be similar in construction to the 
fuselage of an aircraft, and one can find many other 
parallels between nature and engineering. 

John Tunnard has always insisted that he has no interest 





“The Curve of Stability”, 
an example of a recent 
painting by John Tun- 
nard, who is having an 
exhibition at McRoberts 
and Tunnard Ltd, New 
Gallery, 34 Curzon Street, 
W.1, at the end of 
November. 


in modern technology and that it is a closed book to him; 
in fact, | > lives in a remote part of Cornwall in order to 
avoid seeing the disfigurement of the landscape by power 


stations and modern industry. Yet, quite intuitively, many 
structures that have now become familiar to us, such as the 
radio-telescope and radar antennae, have appeared in his 
pictures, sometimes before their erection or invention. In 
one particular case, a scientist, with some surprise, recog- 
nised in one of Tunnard’s paintings the general atmosphere 
of a problem on which he had been working. In another 
case, a television engineer was moved to remark that one 
of Tunnard’s paintings seemed to sum up everything that 
he knew, and it was difficult to convince him that the artist 
was not also obsessed with television and radio circuits 
and the cathode ray tube. Perhaps an explanation lies in 
the fact that every age seems to have shapes which belong 
to it and which therefore appear in its art. The very words 
rococo and baroque carry with them images of certain 
forms and shapes, and the resemblances between the early 
biplanes and Cubist paintings of the same period are quite 
remarkable. Is it coincidental that the shapes seen in much 
of modern sculpture are similar to those found in the jet 
plane of today, or is the artist in this case following in the 
wake of the aircraft designer? Both are concerned with 
producing a perfect form, in one case functional and in the 
other aesthetic, and yet how often the purely functional 
form is aesthetically satisfying as well. In the case of John 
Tunnard his shapes are eminently contemporary, and this 
explains the appeal of his pictures to the scientist, engineer, 
and architect. 


PSYCHOLOGY AND SPACE TRAVEL 


The influence of Freud and Jung on the fine arts remains 
yet to be fully assessed and examined. Recently, in America 
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and in this country, there have been some examples of 
nearly automatic painting, and some of Tunnard’s work 
falls into this category. There is great interest at present in 
the imagery that is created in this manner. These images, 
sometimes disturbing or erotic, may be the result of 
associated ideas, they may be archetypal forms, or they 
may be entirely new forms which are a synthesis of a wide 
range of experience undergone by the artist. 

It may be that the arts are a more fruitful ground for 
study for the scientist than science is for the artist. Whether 
space travel will have any effect upon painting remains to 
be seen, but the vast distances in John Tunnard’s paintings 
seem to herald the space age. The weightlessness of the 
space traveller might also be felt in Jackson Pollock’s 
pictures, where forms with weight are absent, and the 
picture surface is merely the recipient of visible energy in 
the form of dynamic lines which seem to fly through space. 

Generally speaking, however, science and technology 
cannot be said to have inspired the artist directly. Two 
exceptions are Henry Moore, whose string figures (see 
Discovery, !957, vol. 18, No. 6, p. 249) were suggested 
by mathematical forms and shapes seen by the artist in the 
Science Museum, and Hans Erni, whose paintings have 
been stimulated by scientific and technological achieve- 
ments. This month’s cover is a spiendid example of his 
work. Only Leonardo da Vinci combined a mastery of all 
known seience with an ability to produce artistic master- 
pieces, and science has now beconie too specialised and too 
vast a subject for us ever to see his like again. If an artist 
lives in a scientific age and is sympathetic to scientific 
progress something of this will come through in his work, 
but there is no necessity for him to accept a scientific 
discipline, or to spend his life studying new forms revealed 
by the electron microscope. 











A NEW PROJECTION TELEVISION SYSTEM: 


THE EIDOPHOR 


j. H. M. SYKES 


Television as a serious art form has always been hampered by a miniature monochrome screen. A 
new technique promises for the first time a satisfactory system for full-screen colour projection. 


Recently a new system of projection television in colour, 
employing a principle so far unexploited, though first 
devised in 1939, was demonstrated in London. A film of 
oil, electrostatically modulated, is used to control the 
reflection of a powerful light-source on to a mirror, the 
resulting modified reflections being transmitted through an 
optical system to a cinema-sized screen. 

A demonstration given on the occasion of the CIBA 
Foundation’s tenth anniversary meeting included brief 
scientific sequences taken with ordinary lenses and through 
the microscope. Colour rendering was reminiscent of the 
early type of Agfacolor and not the more commonly seen 
colour systems in this country. It certainly gave a good 
indication of the system’s potentialities for medical and 
scientific work. 

Zworykin invented the electronic camera tube in 1933 
and the cathode ray tube was adapted to receive its signals. 
Since then, developments in television reception have not 
been as rapid as one would have expected, apart from 
the appearance of practical (and compatible) colour tele- 
vision, used for public broadcasting, so far, only in the 
U.S.A. 

Whatever the makers of the latest domestic television 
receivers may say, the size of the average screen is still 
small, and forms a limiting factor which irks the producers 
of such eminently interesting features as musical shows, 
outside broadcasts, and films showing spectacular occa- 
sions. The picture still cannot really stand comparison with 
the view to which any cinemagoer is accustomed. 

Indeed, more than one television producer has said to 
the present writer that the whole of dramatic production 
in these days is circumscribed far more by the limitations 
of what can be shown on a 12-in. or 17-in. screen in the 
average home than by any factor such as censorship, or 
even lack of finance, in the live theatre. 

It may well have been thought, in the early days of 
television receiver design, that the projection-type receiver 
would eventually achieve widespread acceptance; but this 
has not been found to be the case. The majority of projec- 
tion receivers suffer from the disadvantage that the picture 
is grey and lacks contrast. 


LARGE-SCALE VIEWING 

The appearance of a totally new system for projection 
television may therefore legitimately be hailed as one of 
the major advances in television technique. The Eidophor* 
projector is not, as at present developed, suitable for domestic 
television receivers, but it points the way to a totally new 
approach to the problem of large-scale viewing. It can be 
used for projecting black and white pictures from a normal 
public television broadcasting system, but for colour pro- 


*“Eidophor” is a registered trade mark belonging to GRETAG, 
Aktiengesellschaft, Ziirich, Switzerland. 
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jection it can, at present, only be used on its own closed- 
circuit system. 

Although the Eidophor projector has been mentioned as 
being “new”, the basic principle was devised as far back 
as 1939 by Dr Fritz Fischer of the Swiss Federal Institute 
of Technology in Ziirich. Many years of work by Dr 
Fischer, until his death in 1947, resulted in this new prin- 
ciple being brought very close to the stage where it could 
be used in a practical way; and in 1951 the firm of Dr 
Edgar Gretener A.G., of Ziirich, secured the backing of 
CIBA, the great Swiss chemical combine, in bringing Dr 
Fischer’s invention to the stage where it could be shown in 
public and successfully used for the special purposes for 
which it is particularly suitable. 

The Eidophor projector represents a control layer system. 
A powerful light-source emits a modulated beam which is 
reflected through a special system of mirrors and lenses 
from a film of oil on a concave mirror, and illuminates the 
screen. 

The film of oil on the mirror is bombarded by an electron 
beam from a television camera tube. The “wrinkles” which 
are set up by this bombardment of the oil film cause the 
light to be varied in such a way that the picture is produced 
on a screen, either in black and white, or in colour. 

Thus the amount of light provided by the television 
projector is not, as in normal projection television systems, 
limited by the intensity that can be produced on a cathode- 
ray tube, but in theory can reach any level required; the 
Eidophor system as at present developed enables a colour 
picture of 12 to 16 ft. to be projected on to a theatre screen, 
or a black and white picture 24 ft. x 32 ft.; and this picture 
has a contrast of 100 to 1 between the blackest and the 
whitest part, which is equivalent to that obtained in 
normally good cinema projection, and is far greater than 
that available from the projection-type tubes so far used. 


THE BASIC PRINCIPLE 


The actual system used in the Eidophor projector is 
somewhat complicated, but the basic principle is relatively 
simple. In Fig. 4a a ray of light is projected against a 
mirror (1). By the most elementary principle of optics, it 
is obvious that, since the angle of incidence is equal to the 
angle of reflection, this ray will strike the second mirror (2), 
and will be reflected back along its own path. Thus no 
light will escape beyond mirror (2) to the screen (3). 

Now suppose that mirror (1) is slightly tilted from the 
position it first occupied, as shown in Fig. 4b. The light 
will then take a different path and will by-pass mirror (2) 
and strike the screen (3), making a single spot of light on 
the screen. 

Now suppose that instead of moving mirror (1) we coat 
its surface with a thin layer of oil. If the layer was static 
and uniform, there would be no effect on the principle of 
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FIG. 1. The Eidophor projector in use. 
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FIG. 2. Diagram of the Eidophor projection system. (1) Light source (Xenon lamp). (2) Con- 

denser. (3) Picture frame. (4) Condenser liens. (Sa, b, c) Mirror system. (6) Concave mirror 

(7) Film of oil on mirror (Eidophor). (8) Projection lens. (9) Projection frame. (10) Stream of 
electrons or cathode rays. (11) Cathode gun. (12) Vacuum chamber. (13) Window. 





projected picture of the formation of a sulfonamide (violet needles) in an alcoholic 
tion of ammonia from the yellow crystals of an azo-dye, seen under the microscope. 
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FIG. 4. The principle of the Eidophor projection system. 


FIG. 5. Front view of the projector with the outer housing 
removed. 
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reflection outlined above, and the screen would be dark. 
But if we caused a momentary inequality in the thickness 
of oil to appear at a particular point—for example, by 
causing a droplet to form at that point—then a ray of light 
striking the mirror at the position where the droplet existed 
would be reflected from the position shown in Fig. 4a and 
would in effect take a path similar to that indicated in 
Fig. 4b. This creation of a droplet, therefore, would in 
general have the same effect as a movement of mirror (1). 

The secret of the Eidophor process hinges on an 
extremely ingenious method of affecting the uniformity of 
the oil layer on mirror (1) in response to the signals from 
a television tube. 

An electrical capacitor (or the “condenser”, as it used 
to be called) consists in its simplest form of two parallel 
plates of metal between which is the dielectric, or insulat- 
ing substance, which may be a solid, a gas, or a liquid. 
When such a capacitor is charged, electrostatic forces exist 
between the plates. 

Suppose now that a sheet of metal is considered as 
forming one plate of the capacitor and a layer of oil as 
the dielectric By projecting a beam of electrons from an 
electron gun—the heart of a cathode ray tube, as used in 
ordinary television receivers—on to the oil, a tiny capacitor 
is set up, having the metal plate as one electrode, the oil 
as the dielectric, and the charge from the electron beam as 
the other electrode. 

If the electron beam is sufficiently strong, the charge set 
up by this method is sufficient to exert an electrostatic 
force which will physically alter the uniformity of the layer 
of oil, setting up a tiny “dimple” in the oil at that point. 

If we now imagine that the situation in Fig. 4 exists, and 
that the ray of light is moving across the surface of mirror 
(1), the screen (3) will be blank until the ray strikes the spot 
where the electrostatically produced dimple exists, and the 
spot of light will then be deflected so that it misses mirror 
(2) and impinges on the screen (3). 

It can thus be seen that if a “spray” of electrons is 
projected on to the oil-covered mirror (1), and if the ray of 
light is considered as scanning the surface of the mirror 
in horizontal lines, then wherever the electron beam modi- 
fies the surface of the oil some light will escape beyond 
mirror (2) and strike the screen, and a pattern of dots of 
light will appear on the screen in accordance with the 
pattern projected on to the oiled layer by the spray from 
the electron gun. 


, 


THE SYSTEM IN PRACTICE 


In the Eidophor projector the ray of light does not scan 
the mirror; this feature was only introduced to make the 
principle clear. The light source is focused by a lens on 
to a system of bars with a mirror surface so situated, as 
seen in Fig. 2, that the rays of light are reflected on to a 
spherical mirror and, under unexcited conditions, reflected 
back again via these mirror bars to the light source. Again, 
no light escapes. 

The mirror bars are arranged so that there are gaps 
between them. On the side nearest the back of the mirrors 
there is an objective lens which focuses any light that may 
escape through the bars on to a screen, using the ordinary 
projection system, so that a magnified image of any avail- 
able light is seen on the screen. 
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Imagine now that an electron gun is acted upon by the 
ordinary television signals to produce a scanning beam, 
just as it does in any normal television receiver. In such 
a receiver, the deflection plates in the gun have caused the 
beam to scan a horizontal line across the inside face of 
the ordinary television tube, and then to fly back to the 
Starting point, to drop down by a predetermined distance, 
and then to scan across the screen once more. The intensity 
of the beam at any point determines the brightness of the 
picture at that point, produced by excitation of the phos- 
phors inside the end of the tube. The varying signals from 





FIG. 6. Colour filter wheel. 


the television camera cause the intensity to vary in accord- 
ance with the picture being “seen” by the camera. 

In the Eidophor device, the modulated stream of 
electrons is so arranged as to scan the oil-coated surface of 
the spherical mirror. A “dimple” is produced by electro- 
static forces in the oil layer at each point where the beam 
has sufficient intensity, and the size of the “dimple” is 
proportionate to the strength of the beam at that instant. 

The flood of light reaching the spherical mirror by 
reflection from the mirror bars is deflected through the bars 
in accordance with the location and size of the dimples in 
the oil layer, set up by the electron gun. Thus, a pattern of 
light reaches the projector lens, and a magnified image of 
this pattern is seen on the screen. 


REMOVING THE CHARGES 


There is, however, the problem of removing the electro- 
static charges from the surface of the oil, ready for the 
next scan. 

Oil is normally a very good insulator. Thus, a charge 
impressed on its surface will tend to remain. But in the 
Eidophor device the oil is deliberately made to be con- 
ducting, by the addition of certain substances, so that 
although it is still a good enough dielectric for the capacitor 
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effect to take place, at a certain time after the electron beam 
has impressed a charge on its surface, this charge can leak 
away to surrounding areas. In this way the surface of the 
oil is smoothed out. 

One of the most ingenious features of the Eidophor oil- 
covered mirror system is the way in which the conducting 
properties of the oil and its viscosity have been chosen with 
extreme care, first to produce as pronounced a dimple as 
possible at the moment of scanning a particular spot on 
the surface, and secondly to ensure that the dimpled surface 
is retained long enough to give a brilliant picture, and yet 
is removed ready for a subsequent scan. 

By retaining the dimples to the last possible moment, 
each scanned frame is retained, at full brilliance, on the 
screen for a longer time than is possible by any other 
method so far evolved, and the contrast of the Eidophor 
picture owes a great deal to this effect. 


HIGH CONTRAST 


It is claimed that the Eidophor projector is superior to 
other television projection systems in that it is a “dark 
field” system, since with an unmodified oil layer no light 
at all reaches the screen. Even in the “dark” areas of an 
ordinary television picture there is some small excitation 
of the phosphors on the cathode ray tube, so that complete 
blackness is not achieved. 


FIG. 7. Cathode revolver. 














Obviously, the beam of electrons cannot be “sprayed” 
on to the spherical mirror in air, and so the whole of the 
vital parts of the Eidophor device are enclosed in a vacuum 
chamber, which is continuously evacuated by a pump. 

The spherical mirror is made to revolve slowly, mainly 
in order that the oil surface can be continually renewed 
and smoothed. Oil is forced by a pump through a filter 
into a spreader, which takes the form of a slotted bar 
delivering a fine spray of oil on to the rotating mirror. Near 
to the delivering bar there is a smoothing bar located with 
great accuracy close to the face of the mirror so that the oil 
layer is smoothed out to an exact thickness of 1 /10th mm. 
After the oil has been smoothed and the oil layer has served 
its function, the rotation of the mirror allows it to flow 
away from the surface into an oil reservoir, and so back 
to the pump. 


FIG. 8. Needle cathode (magnified three times). 


The cathode-ray tube is of a special type, although its 
main design is in general similar to that employed in an 
ordinary television receiver. An accelerating voltage of 
15,000 V draws electrons from the tip of a cathode which 
is shaped like a hairpin, and is heated to a temperature of 
about 2500°C. 

The electron beam is controlled by an electrostatic 
modulation lens, a focus coil, and a deflection yoke. Thus 
it is focused to provide an electron spot of approximately 
50 » in diameter. The spot size is controlled by the electro- 
static modulation lens, and when the spot is focused on to 
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the oil layer on the revolving spherical mirror, the spot size 
increases or decreases, to increase the deformation of the 
oil layer: and im consequence the picture brightness is 
affected. 

The arduous duty of the cathode of this electron gun 
means that it has a life of only about 100 hours, and so the 
inventors have developed an ingenious device whereby 
three cathodes are provided, and these can be interchanged 
under a vacuum. 


COLOUR TELEVISION 


As mentioned earlier, the special virtue of the Eidophor 
projector, when compared with other types of television 
projection, is that it does not rely on electronic means for 
producing the light, but, instead, controls the light from 
an external source by electronic means. A xenon arc, 
operating in a quartz glass bulb, is used as the light source, 
and thus a very high intensity of light can be employed. 
The arc has a rating of 1-8 kW. 

So far, the system as described could be used for the 
projection of television pictures from an ordinary black 
and white television broadcasting system and can throw 
them up on to a theatre-sized screen. For colour television, 
the system is suitable, at the moment, for use on closed 
circuits only, since it employs the sequential system which 
is not generally used for colour television in broadcasting. 

In this sequential system there are two rotating colour- 
wheels, one in front of the camera and one in front of the 
projector window. These are arranged to run exactly in 
step with each other. As vision persists for an appreciable 
time—and, indeed, the whole of the ordinary cinema system 
depends on this phenomenon, since a cinema picture con- 
sists of a rapid succession of static images, each one of 
which is “remembered” by the eye until the next appears— 
the sequential system can be made to work for television. 

The camera lens sees the picture first through a red filter, 
and the timing of the scanning and the rotation of the 
wheel is arranged so that the camera scans the complete 
field of vision while the red filter is in front of it. The red 
filter on the projector is also in front of the lens at this 
instant, and thus a red picture is projected on the screen. 
A fraction of a second later the camera is viewing the 
scene through a blue filter and, later again, through a green 
filter, and so the viewer is subjected, in rapid succession, to 
red, blue, and green pictures on the screen. 

The eye superimposes the three pictures on top of each 
other, and a full colour effect is then produced. As there is 
obviously some loss of light on the projector due to the 
colour-filter wheel, the size of screen that can be covered 
when using the closed-circuit colour system is somewhat 
smaller than that for black and white. 

The Eidophor projector is, at its present stage of develop- 
ment, somewhat complex, and needs the services of skilled 
operators. The projector weighs 800 Ib. and measures 65 in. 
high, 25 in. wide, and 48 in. deep. But it has already proved 
its value in demonstrations, on a closed colour circuit, for 
professional and educational purposes. 

Future developments may, perhaps, bring this fascinat- 
ing and novel television projection system into the range 
of domestic use. We may yet see a battalion of the Grena- 
dier Guards, full size and in full colour, march across the 
living-room wall. 














INTERFEROMETRIC STUDIES ON OSCILLATING 





QUARTZ CRYSTALS 


S$. TOLANSKY, F.R.S. 


Professor of Physics, London University 


Multiple-beam interferometry has been used in elegant experiments to reveal the modes of vibration 
of quartz crystals. The technique has been combined with stroboscopy, successfully achieved at 
frequencies measured in megacycles. 


The piezoelectric property of quartz crystals has for long 
been exploited in many electronic circuits. Quartz usually 
crystallises in the form of hexagonal uniaxial crystals which 
are long prisms terminated generally at one side with 
rhombohedral faces, both major and minor. The particular 
property of interest electronically is the marked piezo- 
electric effect, for application of an electric field can lead 
either to a slight expansion or a contraction of the crystal, 
according to the direction in which the field is applied 
relative to the crystallographic axes. If the crystal is main- 
tained between electrodes to which an alternating potential 
is applied then clearly the crystal can be set into mechanical 
oscillation. A crystal is only piezoelectric if it lacks a centre 
of symmetry, as is the case with quartz, and those directions 
in which the electric polarisation is parallel to the mechani- 
cal strain are called the piezoelectric axes. It is customary 
to cut plates of quartz out of the crystal, selected so that the 
main face is perpendicular to a piezoelectric axis. A big 
variety of cuts can be used, but in practice four particylar 
cuts are frequently used. These are described respectively 
as X-cut, Y-cut, Z-cut, and G-7T-cut. The robust mechanical 
and chemical properties of quartz make it a very useful 
material for electronic circuitry control. 

The striking quality of an oscillating quartz crystal is its 
quite remarkable frequency stability. It is especially because 
of this that crystal-controlled oscillating circuits are so 
widely used. A crystal of critically selected dimensions can, 
for example, be maintained oscillating in a grid circuit, so 
that the voltage produced by the oscillation controls the 
frequency of the system. A frequency stability of one part 
in 20 million is possible and it is evident that this property 
can be exploited in numerous circuits. 

Among the many other possible applications in circuitry 
it will suffice to mention but two, namely (a) the generation 
of ultrasonic vibrations, and (b) the excitation of precision 
quartz clocks. The crystal plates used for electronic pur- 
poses must be free from twinning and are usually cut from 
the best quality crystals, selected for their optical and 
electrical perfection. Until relatively recently only the best 
crystals from Brazil were used, but nowadays very fine 
quality, large, synthetic quartz crystals are being produced 
in quantity and are replacing the natural mineral. 

The phenomenal frequency stability of quartz-controlled 
circuits, even when the oscillations are well in the range of 
many megacycles per second, leads one to anticipate the 
existence of stable standing waves, that is, one can expect 
to find a perfectly steady system of vibrational nodes and 
antinodes on the crystal surfaces. It has been well established 
theoretically that four distinct types of motion should occur, 
appearing either separately or in some combinations. These 
types of motion are flexure, extension (with of course com- 








pression), shear, and torsion. When coupling takes place 
between such vibrational types one can anticipate the 
appearance of a complicated distribution of nodes and 
antinodes and of variations of amplitude. 

Much information about the oscillations of quartz crystals 
has been obtained by others who either used polarised light 
to reveal the distribution of strains, or repeated the classical 
Chladni plate experiment by scattering lycopodium powder 
on the crystal face and thereby obtaining a pattern of nodes 
and antinodes. The writer realised some years ago that 
multiple-beam interferometry could be adapted to study 
the distribution of both nodes and antinodes on vibrating 
quartz crystals. Furthermore it was recognised that this 
method of approach, if successful, would offer some quite 
new information. For it would reveal the precise values of 
the local amplitudes of oscillation as distributed over the 
surface. It was, of course, fully appreciated that the inter- 
ferometric technique would only reveal the up-down 
oscillations and would offer no information about the com- 
ponent of oscillation parallel to the plane of the crystal 
surface. Nevertheless, a knowledge of the up-down distribu- 
tion of vibration would be valuable. In fact, as long ago 
as 1927 Dye had already shown that the simpler two-beam 
interference methods could roughly indicate the vibration 
pattern, and later Osterberg used a Michelson interfero- 
meter for the same purpose. Neither of these interfero- 
metric systems has the analytic power of a correctly used 
multiple-beam system. It so happens that the writer was at 
the time not aware of the exploratory work of Dye when 
the multiple-beam method was tried, but, in fact, so 
superior is the multiple-beam approach that one can justly 
consider that it is virtually a new method. Before indicating 
the type of result found with the quartz crystals, we shall 
give a brief review of the particular interferometric tech- 
nique used. 


MULTIPLE-BEAM FIZEAU FRINGES 


The writer has, during the past fifteen years, developed 
quite a variety of multiple-beam interference techniques, 
each adapted to particular types of research. The system 
adopted for studying the quartz crystals uses multiple- 
beam Fizeau fringes, although the general conclusions have 
been backed by using other systems, too. When two 
polished, flat, optical planes are held close together and 
slightly inclined to each other, illumination with mono- 
chromatic light produces the well known localised thin-film 
wedge fringes, which are straight parallel lines if the two 
surfaces are quite flat. If one surface is flat and the other 
has some specific topographical shape, then the fringes, so 
to speak, mould themselves around the surface contours. A 
pattern arises which closely resembles the contour map of 
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FIG. 1. The quartz crystal and the cuts often used for 
piezoelectric oscillators. 
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geography. However, from one contour line to the next, on 
this optical contour map, the surface microtopography has 
changed by half a light-wave, say some 2500 Angstrém units 
for green light, or about one hundred-thousandth part of 
an inch. For instance, the familiar Newton’s rings are not 
merely circular interference fringes produced by a convex 
surface placed on a flat, they are at the same time nothing 
less than the contours of the “hill”, which is the convex 
surface producing the fringes. Despite the antiquity of 
Newton’s rings, this contouring property had to wait until 
1886 before it was recognised as such, and used accord- 
ingly, by Laurent in his celebrated adaptation of Fizeau 
fringes for use in the optical workshop. 

Now these fringes, produced by interference between 
two beams of light, and still extensively used for surface 
testing, consist of light and dark bands of equal width. One 
can measure without difficulty to a tenth part of the width 
of a band, say to 250 Angstrém units (or a millionth part of 
an inch). The merit of the multiple-beam system is that it 
sharpens the interference fringes into very narrow lines, 
whose width is about a fiftieth part of the separation 
between the fringes, instead of the equal spacing in two- 
beam fringes. It becomes possible to measure to fifty times 
better than with two-beam fringes, and since the multiple- 
beam contour lines are so fine and narrow, they run round 
micro-contours and show up a mass of finer detail unsus- 
pected when the broad two-beam fringes are employed. To 
produce the multiple-beam system one requires a large 
number of beams (at least sixty) traversing back and forth 
between the two surfaces, with negligible sideways displace- 
ment. This is obtained in the following way. 

The two surfaces must be coated with a critically correct, 
thin, high-reflecting film, which also has a low absorption, 
such that only a small fraction of the light is transmitted at 
each reflection. This can be secured by evaporating a 
correctly chosen thin film of silver on to the surfaces. The 
two surfaces must then be held close together, indeed at 
most a few light-wavelengths apart. The incident light must 
be strictly parallel, at normal incidence and reasonably 
monochromatic. Any deviation from any one of these 
conditions defeats the object of the technique, for it leads 
to fringe broadening. With a correct arrangement it is 
possible to produce fringes which are so sharp and so 
sensitive to small displacements as to permit magnifications 
in the up-down direction of some X 500,000 and to reveal 
up-down height changes as small as single-crystal lattice 
spacings. It is re-emphasised that these optical contour 
lines only reveal the microstructure perpendicular to the 
surface and merely show ordinary microscope structure in 
directions along the plane. 


APPLICATION TO OSCILLATING QUARTZ 
CRYSTALS 

The whole technique used is simplicity itself. First it is 
necessary to polish the quartz crystal to a higher degree of 
finish than is normally required for electrotechnical pur- 
poses. Next, the crystal is coated with silver on one side by 
deposition thermally in a vacuum. Not only is this silver 
film required for the optical interferometry, it also serves as 
one electrode for applying the oscillating potential to the 
crystal. The second electrode used is adapted to the specific 
conditions of the experiment. It may be a mesh or grid of 
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thin wires (seen as shadows in some of the accompanying 
pictures) or it may be an annular ring. The electrode used 
depends upon the crystal cut and shape and upon the 
oscillation modes it is desired to excite 

The silvered quartz surface 1s placed esther way very close 
two a similarly silvered glass surface, or indeed rests upon the 
latter With the use of green mercury light, multiple-beam 
Fizeau fringes are produced between the two silvered sur- 
faces. With the crystal at rest, and with a small wedge angle 
deliberately formed between the two silvered surfaces, a set 
of narrow, parallel, straight-line fringes appear. If the 
crystal is set into oscillation, stationary wave patterns 
appear on the surface. There will be a distribution of nodes 
and antinodes according to the selected frequency. Where 
the surface moves up and down, there the separation 
between the two silvered surfaces executes a simple 
harmonic oscillation. A fringe localised over such a region 
will broaden out over two extremes of amplitude and thus 
there are two distinct results. The first is that the fringe 
pattern reveals the distribution of nodes and antinodes, the 
second is that the range of fringe traverse shows the exact 
amplitude of the local oscillation 

In the experiments, the crystal was set into oscillation 
either with a Pierce or Hartley type circuit. By varying the 
frequency with « condenser, resonance frequencies for the 
crystal could be found, each producing its own particular 
stationary fringe pattern. The system was always so stable 
that the steady pattern could easily be photographed. Where 
there are nodes the fringes remain practically unaffected 
but where the surface oscillates the fringes broaden out, 
the degree of broadening being determined by the current 
passed through the system. Some of these oscillation inter- 
ferograms will now be considered. It is re-emphasised that 
we are concerned with a stationary pattern so that there is 
no need (as yet) for stroboscopic techniques to reveal the 
oscillation pattern 


THE OSCILLATION INTERFEROGRAMS 

The interferograms shown were taken with a camera 
giving a slight magnification. The first experiments were 
made with long and narrow rectangular bars, since these 
can be excited with relative ease into simple flexural! vibra- 
tions of a successively higher and higher order. (It is clearly 
desirable to begin with simple cases.) The particular 
quartz bar available was 56 mm. long and 9 mm. in width 
It was cut with the length along the X-axis and the polished 
silvered face was normal to the Y-axis. It was mounted with 
a grid of fine wires as the second electrode bracketing the 
crystal and these can be seen in the pictures that were 
obtained. At selected frequencies the bar would be set into 
flexural oscillation of mode 3, 4, 5—in which it divides 
itself into increasing segments. Fig. 3 is a typical interfero- 
gram. It contains a good deal of information and represents 
a high order flexure. There are nine well-defined nodal 
regions, appearing as line regions crossing the bar. The 
nodes are the regions where the fringes are narrow and are 
not to be confused with the eighteen narrow white lines 
crossing the picture which are shadows from the wire 
electrode grid. The picture is a negative. 

First it will be noticed that the nodal lines are not quite 
perpendicular to the long axis of the bar. In particular the 
two end nodes show a marked curvature. Then again, the 
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FIG. 2. Arrangement for photographing fringes from 
oscillating quartz crystal. 


nodal fringe regions are slightly broadened, which indicates 
that the crystal is not truly at rest at these nodal points. 
Lest it be thought that this is merely an optical defect in 
technique, we may state that on some other interferograms 
the fringes at the nodal regions are extremely sharp points, 
evidence that in those particular cases the nodal regions 
are effectively at rest, certainly to within a few Angstrom 
units. 

The fringe width at any point is an exact measure of the 
amplitude of oscillation in the up-down direction. This, it 
will be seen, varies from about one to two millionths of an 
inch. It can be expected that the motions parallel to the 
surface will be of a similar order and this explains why 






































there is no visible motion at all along the plane of the 
quartz, even when a high resolution, high magnification 
optical microscope is used. In a sinusoidal oscillation the 
actual velocity of movement is of course greatest when 
passing through the centre, and falls instantaneously to 
zero at the two extremes; from which it is evident that the 
time spent by the surface at the extremes of amplitude 
considerably exceeds that at the centre. The result of this 
distribution is that the fringe intensity becomes effectively 
an Outer envelope, the light being greater at the extremes. 
Because of this peculiar optical characteristic, we can have 
complete overlap of even several orders of interference 
without any resulting confusion. To some extent the 
thickening of the fringe near the nodal region is due to the 
fact that the exposure time is excessive at the actual node, 
for clearly a heavier exposure is needed for the moving 
regions than for the nodal regions. 
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instances Only a slight change in resonant frequency leads 
to a notable change in the fringe pattern. Clearly we have 
at our disposal a rapid yet powerful method for the inter- 
pretation of the various multifold resonance frequencies 
which can be so easily excited in such a quartz bar. 


STROBOSCOPIC ILLUMINATION 


Although interferograms such as Figs. 3 and 4 contain 
much of value, there is one feature absent. They offer no 
information about the relative phases of the vibration on 
the different parts of the crystal. There is no indication 
which part moves up when the other part moves dow” and 
all that the fringes indicate is the extreme range of traverse 
locally. In order to reveal the relative phases a stroboscopic 
technique is required. It is necessary to “freeze-in” the 
vibration by illumination with a light source oscillating at 
the same frequency as the crystal itself. With a crystal 


3. A typical interferogram 


FIG. 4. An interferogram showing ten simple flexures along the length, with superposed 
longitudinal effects. 


The photograph reveals the existence of a number of 
unexpected amplitude anomalies which are quite easy to 
trace from the widths of the oscillation patterns. Such 
anomalies are not expected on the simpler theory of flexure; 
they are to be attributed either to complex couplings or to 
geometrical errors in plate shape. By merely altering the 
oscillating frequency of the circuit a variety of other modes 
can be excited and it is quite easy to produce systems with 
1, 2, 3. . . nodal lines by increasing the frequency pro- 
gressively. In intermediate frequency positions complex 
combinations of longitudinal and flexural modes can be 
induced. That such is indeed the case can be proved directly 
and easily from the corresponding interferogram. In Fig. 4, 
for example, the pattern shows quite clearly that we have 
here a combination of some ten simple flexures along the 
length, with superposed longitudinal effects. In many 


a — 


: nal = ey BE 


oscillating at a frequency approaching one million times 
a second this is no easy matter, yet we have success- 
fully solved the problem in two distinct and independent 
ways. 

The first method is optically elegant. A fraction of the 
exciting voltage causing the crystal to oscillate is tapped off. 
With this, a high-frequency electrodeless discharge is excited 
in mercury vapour. If a small vacuum tube with narrow 
capillary has a metal foil external electrode wrapped round 
each end, and if these electrodes are directly connected to 
the coil ends of an oscillating circuit, the mercury vapour 
can be made to glow brilliantly. It is an ideal source for 
interferometry. We conjectured (this was little more than a 
hunch) that such-a source would in fact fluctuate in intensity 
at exactly the same frequency as the crystal. This turned 
out to be correct, and thus if the fringe pattern is produced 
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by this source a perfect stroboscopic system results. The 
fringes are effectively frozen in, and it is easy to move from 
one position to another by a slight bias on the voltage 
tapped off. 

The second method used was somewhat more elaborate. 
The oscillatory voltage was used to control the transmission 
of a Kerr cell which was placed as usual between polars. 
Difficulties were encountered in this approach but were 
ultimately overcome. 

Fig. 5 is a stroboscopic interference fringe pattern 
given by a rectangular plate vibrating at a frequency of 
0°65 Mc/s. It will be recognised that quite a remarkable 
degree of stroboscopic control has been achieved. The way 
in which each fringe “snakes” along shows which part is 
at that instant moving up and which part is moving down. 
The slight fringe blurring is due to slight imperfection in 
the stroboscopy. Indeed, considering the high frequency, it 
is astonishing that the light-source used in this experiment 
so closely fluctuates at the correct frequency. Although of 
course it is not possible to show here, most revealing is the 
slow scanning variation of the pattern which can be 
produced by altering regularly and slowly the timing 
between source and crystal. 

In this very brief report it is clearly not possible to do 
more than merely indicate some of the exciting results 
secured by the interferometric method of studying crystal 
oscillations. More detailed reports of the author’s work are 
listed at the end of this article. It is possible, however, to 
mention here the discovery that some crystals, when rather 
strongly excited, show in their interferograms that crystal 
slip has resulted. These are effectively cleavage discontinui- 
ties and are shown up with startling clarity by the fringe 
pattern. Crystals with smooth polished faces before the 
violent oscillation, reveal permanent discontinuous steps on 
their surfaces (say of height 100 Angstrém units) after the 
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FIG. 5. A stroboscopic interference fringe pattern given by a rectangular plate vibrating at a 
frequency of 0°65 Mc/s. 




























over-excitation. These steps are strictly crystallographically 
orientated and have locally changed the dimensions of the 
crystal. It may well be that this can in part account for the 
long known, but unexplained, discontinuous changes in 
frequency sometimes reported for crystals run for long 
periods. These frequency changes are always small. How- 
ever it is to be noted that the slip-line changes are also 
dimensionally very small in terms of the actual thickness 
of the plate. For a plate which is | mm. thick to have a 
local height change of only 100 Angstrém units means a 
local discontinuity of a mere one part in a hundred 
thousand. The experiments show, too, that only a small 
local area is affected by the slip so that the total effect 
on frequency is likely to be less than one part in a 
million, indeed the kind of effect found electronically in 
practice. 

It is curious to realise that despite the very high frequency 
of oscillation of the crystal, the actual velocity of move- 
ment is astonishingly small. Putting it crudely, a crystal 
may be moving up and down a million times a second, but 
then the surface is only moving through a millionth of an 
inch in a millionth of a second, so that the velocity has the 
astonishingly small value of only one inch a second. Of 
course, accelerations are a different matter, but it is quite 
a paradox to realise that a crystal beating so rapidly in time 
is in fact moving at a very low rate. 


STUDIES WITH STANDARD QUARTZ 
CLOCK 

In 1938, Essen, at the National Physical Laboratory, 
developed an accurate quartz oscillator with very good 
temperature characteristics and this has become widely used 
as a standard quartz clock, keeping better time even than 
the Earth. Dr Essen has been kind enough to supply some of 
these for interferometric examination. This “Essen ring” is 
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FiG. 6 (left). Arrangement used with 
Essen ring quartz clock. 
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FIG. 7 (below). A typical nodal pattern 
interferogram. 
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an annulus of quartz, with axis in the Z-direction and 
with electric axes in the plane of the ring. It is excited into 
oscillation with ring electrodes. Vibration theory indicates 
that at the lowest frequency there will be six equally spaced 
diametral nodes. The ring is therefore supported symmetti- 
cally at three of these nodal regions. 

The flat region of the annulus was silvered and this was 
matched against the silvered optical flat. The awkward 
shape made interferometric fringe adjustment a matter of 
some difficulty but in due course interferograms were 
secured which quite clearly show both the nodal distribu- 
tions and the local amplitudes of vibration. It should be 
mentioned that when the crystal is functioning as a clock 
the necessary amplitude is a good deal less than that 
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illustrated here. Fig. 7 is a typical interferogram. To obtain 


this particular nodal pattern the crystal was excited to a 


frequency such that the particular mode obtained showed 
eighteen radial nodes and these can be clearly distinguished 
on the print. Systems with six and with twelve radial nodes 
could also be secured when the frequency was modified 
accordingly. 

One useful piece of new numerical information given by 
such interferograms was the finding that the amplitude of 
oscillation obtained from the fringes is linearly proportional 
to the high-frequency current being passed by the crystal. 
We find that up to a current of 7 mA, an amplitude of 
1000 Angstrém units requires a current of 3 mA for the 
particular crystal examined. 
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FIGS. 8 (above), 9 (centre), and 10 (right). Examples of experiments made 
with a number of Z-cut discs of quartz, all with a diameter of 25 mm., but 
different thicknesses. 


Z-CUT DISCS 

It will be recognised that, with an interferogram like the 
one shown in Fig. 5, the very narrowness of the multiple- 
beam fringes which is responsible for their precision and 
sensitivity constitutes, in another sense, a defect. For there 
are so few fringes in the field of view, and they occupy such 
a small fraction of the total area, that to get a comprehensive 
survey of the whole surface might need a considerable 
number of pictures, with the dispersion moved progressively 
from place to place. If one is studying a vibration system 
where there is much local variation from point to point, it 
is then distinctly advantageous to reduce the dispersion of 
the fringe pattern so as to compress perhaps as many as 
100 fringes into the field of view. Although it can be readily 
demonstrated that such an arrangement inherently broadens 
the fringes relative to the fringe separations, such a broaden- 
ing if not too serious, can be tolerated for the compensatory 
advantage of securing a comprehensive overall picture of 
the distribution of vibrations from a single photograph. All 
that is necessary is to increase appreciably the angle 
between the crystal and the optical flat. Such an arrange- 
ment turns out to be ideal for interferometric studies on 
the oscillations of circular discs, and we have used this 
modification extensively for this purpose. 

Experiments were made with a number of Z-cut discs of 
quartz, all of diameter 25 mm., disc thicknesses studied 
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being 1, 2, 3, and 4 mm. Three examples only will be illus- 
trated here. Fig. 8 was given by a disc 2 mm. thick oscillat- 
ing at a frequency of 0-27 Mc/s. The surface is covered by 
some 40 fringes and gives a striking comprehensive picture 
of how the disc is vibrating. This can be interpreted as 
principally a flexural mode in which there are three 
diametral linear nodes crossing each other at 60° and 
in addition there are two circular nodal regions surround- 
ing the central node. As far as measurement goes, these 
rings do indeed have the diameters which elastic theory 
predicts. 

This interferogram is, of course, highly reminiscent of the 
familiar classical sand figures reported by Chladni at the 
end of the 18th century for large plates excited with a bow. 
Yet these interferograms contain an item of information 
which is absent from the Chladni figure, for they reveal 
the amplitudes as well as the nodal patterns. The fringe 
broadening is everywhere a precise measure of the local 
amplitude. The superficial resemblance of the interferogram 
to the Chladni pattern becomes even more marked if the 
dispersion is still further reduced. Fig. 9 is an interferogram 
for the same plate, now with 95 fringes crossing the field. 
In this instance the disc has been excited into vibration at 
a frequency of 0-53 Mc/s. In addition to the three radial 
nodes there are now four circular nodes surrounding the 
central nodal patch. In spite of the low dispersion, and 
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consequent fringe broadening, one has still no difficulty in 
assessing the local amplitudes of vibration. 

It is not always necessary to sacrifice so much definition 
by using so low a dispersion, and very often most 
comprehensive pictures are obtained with the 40-fringe 
distribution. Beautiful patterns can be formed by complex 
interactions and, with 40 fringes in the field, definition is 
sufficiently good to enable the enveloping effect of intensity 
to operate still. A fine example of such an interferogram is 
shown in Fig. 10. Here, in contrast to the two previous disc 
patterns, we do not have a node at the centre. On the con- 
trary the centre is the principal antinode since the amplitude 
is greatest here. The fringe overlapping does not introduce 
real confusion because of the envelope effect already 
discussed. 


CONCLUSIONS 


From this brief descriptive survey, it may be seen that 
the multiple-beam interferometric approach to the study of 
oscillating quartz crystals (and other piezoelectric oscilla- 
tors) has much to offer. The mathematical analysis of the 
oscillations of even the simplest symmetrical geometric 
configurations is formidably difficult, especially when com- 
plex interactions are expected between shear, flexure, 
extension, and torsion. Plate thickness plays a vital part as 
the interferograms have already demonstrated. Surely it is 
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much easier to attack so formidable a problem by making 
use of the very clear amplitude distributions supplied by 
interferometry. 

Other oscillatory problems are also amenable to attack 
interferometrically. To take but one instance, it can be 
demonstrated that it is possible to secure oscillation inter- 
ferograms between the back and front face of an oscillating 
crystal. Such a picture is more difficult to interpret in that 
we are now confronted both with variations of refractive 
index within the material and with variations in metrical 
dimensions of the crystal. Yet by combining such studies 
with simultaneous surface topographical observations it 
should be possible to separate and sort out the two effects. 

A probable fruitful line of research will be the study of 
the amplitudes which lead to fracture. It is well known that 
a crystal of quartz fractures when oscillated too energeti- 
cally, the fractures taking place in cleavage directions. The 
visual observation of fringe amplitude at the instant of 
shatter would give very useful information. 
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World’s largest radio-telescope to 
be constructed for the U.S. Navy 
in West Virginia. 


An artist’s conception of the 
world’s largest radio-telescope 
which is now under construction 
for the United States Navy near 
Surgar Grove, West Virginia. After 
scheduled completion in 1962 the 
20,000-ton apparatus, to be known 
officially as Naval Radio Research 
Station, will give the United States 
the world’s most powerful ear on 
the universe. The project is esti- 
mated to cost in the region of 
$79,000,000 and is on a 1500-acre 
site. The instrument's 600-ft. dia- 
meter aluminium reflector dish 
will have an area exceeding 7 acres. 
Rotation of the huge arcs support- 
ing the dish’s complex will elevate 
the reflector at any angle above 
the horizon. A slight idea of the 
immensity of the project can be 
obtained by the comparison with 
the drawn-to-scale people and 
vehicles. 








New British Antarctic Studies 


On October 19 the main British party and 
much equipment sailed for the Antarctic 
aboard the RRS John Biscoe to take up 
duty for the coming season of research at 
the stations manned by the Falkland 
Islands Dependencies Survey. This year 
the FIDS Scientific Bureau has put in 
hand a much-expanded scientific pro- 
gramme. A number of the studies to be 
made are being attempted for the first 
time. A few notes on those of special 
interest follow. 

Wave attenuation in pack-ice: Dr 
Gordon Robin, Director of the Scott 
Polar Research Institute and well known 
as a glaciologist, hopes to gain some quan- 
titative data on the amount that waves of 
different sizes are attenuated by pack-ice. 
This work eventually may give a guide to 
shore stations of ice conditions out to 
sea. A standard wave-recorder from the 
National Institute of Oceanography, 
modified to give some extra sensitivity in 
response to waves of small amplitude, will 
be operated from the John Biscoe. She is 
expected to encounter pack in plenty 
during the voyage through the Weddell 
Sea to relieve Halley Bay, when Dr Robin 
will be in charge, and the wave-recorder 
will also be working during the remainder 
of the four months relief voyage round 
the Graham Land Peninsula, where more 
pack may be expected. The experienced 
ice-navigator is well aware that small 
waves, those with a frequency of five to 
ten seconds, are rapidly damped off as a 
ship passes into the pack and that the 
waves of several minutes’ frequency are 
evident much farther into the pack. Dr 
Robin hopes to give precise numbers to 
this general picture and perhaps to find a 
formula for the effect. 

Does cold affect the teeth? There are 
strongly held views on this, especially 
among Antarcticists who have had tooth- 
ache during sledging journeys, but little 
genuine scientific information so far. 
There is some evidence for thinking that 
the supposedly cold-produced tooth 
troubles that occur in polar conditions 
may be due either to the fact that teeth- 
cleaning with snow is a tedious business 
and therefore gets scamped on Antarctic 
expeditions, or that many men who go 
south take insufficient trouble to get their 
teeth into repair for a two-year spell of 
duty away from a dental surgery, or, to 
both factors. Mr J. W. G. Pidgeon of the 
London Hospital dental department is to 
spend a season at Halley Bay separating 
out the different aspects of this problem. 
He has been in close touch with Antarc- 
ticists’ teeth for some time as FIDS dental 
adviser and has got them to introduce a 
scheme to have all their men’s teeth x- 
rayed at London Hospital before depar- 
ture on long tours in the south. 


Nursing habits of Emperor penguins: 
A young University College, London, 
graduate in biology is to spend two years 
at Halley Bay, where there is one of the 
largest Emperor penguin rookeries known. 
He will measure young Emperors’ beaks 
and flippers and examine the contents of 
the parents’ stomachs, This work is to 
give definition to a very poorly docu- 
mented period in the Emperor penguin’s 
life-cycle, the five months during which 
the single chick is reared from a fledgling 
to a 40-lb adult capable of fending for 
itself at sea during the annual summer- 
long meal of the Emperor's life. It is 
known that the male Emperor fasts while 
he incubates the single egg during the 
three-month incubation period. It is 
assumed that the female, who is away 
feeding at this time, consumes enough to 
feed the chick on her return throughout 
the five-month nursing period. But what 
she feeds on and much of the other detail is 
still unclear. Does she also feed the male, 
for instance? This study is being carried 
out under the auspices of the Edward Grey 
Institute of Field Ornithology at Oxford. 

Counting and dating cosmic spherules: 
Extremely little is known about cosmic 
spherules. These are tiny magnetised 
metal balls smaller than a pinhead that 
have a similar composition to meteorites 
and so are assumed to be either fractured 
meteorites or flakes off meteorites. Suffi- 
ciently fine material that impinges on the 
atmosphere at a low velocity and angle of 
incidence is not burned up but suffers a 
similar process to that used in the past 
for making lead shot—and the result 
much resembles fine-grain shot. Cosmic 
spherules were first detected in the top- 
most layer of Pacific Ocean sediments 
recovered by a Scripps expedition and 
farmed out to various institutions for 
analysis. Deep-sea sediments accumulate 
so very slowly that a small sample yields a 
comparatively large number of spherules 

—of the order of 100 spherules to the tea- 
cup of sediment. 

Means of collecting these spherules at 
other sites on the Earth's surface have 
recently been developed by Dr David 
Parkin of the Liverpool College of 
Technology, and he is extending his net 
now to the Antarctic, where conditions 
are particularly favourable for this work. 
Efforts to collect spherules in the more 
populated areas have produced large 
yields—but of “industrial” spherules, not 
of cosmic material. Since both atmo- 
sphere and surface in the Antarctic is un- 
contaminated by industrial products, the 
area offers an ideal site for this work. In 
addition, the undisturbed accumulation 
of many seasons’ snow deposits that can 
be tapped in crevasses and ice-cliffs gives 
a chance to measure the annual rate of fall 
of these spherules. Like the sticky pages 
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of a large open book, cosmic spherule 
collectors are to be set up at several 
stations in the Antarctic by this year’s 
expedition. 


Another October Eclipse 


It was curious that there was another 
total eclipse of the Sun almost a year to 
the day of last October's solar eclipse over 
the Pacific which attracted so many 
experiments (Discovery, 1958, vol. 19, 
No. 8, pp. 344 and 345; 1959, vol. 20, 
No. 4, p. 171). This year’s eclipse occurred 
on October 2 and was visible from a 
narrow band across the Earth’s surface 
stretching from the North American 
coast right across the Atlantic to North 
Africa. Most of the observations were 
made from the Canary Islands, which 
were conveniently placed in the path of 
totality and easier to get to than the 
Sahara Desert. British, American, and 
Spanish observing teams made measure- 
ments of the eclipse this year, 

A team of Northumbrian ornithologists 
observed the birds’ reactions to the eclipse 
on the Canaries. 

Perhaps the most intriguing experi- 
ment to be attempted this year was that 
undertaken by Drs Paul Kellogg and 
Edward Ney of the University of Minne- 
sota, operating from the African main- 
land. They tested a theory recently put 
forward, that the solar corona (or outer 


edge of the solar atmosphere) consists of 
charged particles trapped in the solar 
magnetic field in a manner similar to that 
of the particles forming the Van Allen 


radiation belt round the Earth. This 
experiment is supported by NASA and 
the U.S. Office of Naval Research. The 
observations were made from French 
West Africa. 

Photographic records from high, fast- 
flying U.S. aircraft were made to study 
“Bailey’s Beads”—the points of sunlight 
that are visible an instant before the Sun 
is completely covered at totality and 
which are due to sunbeams shooting 
through the deeper valleys lying at the 
circumference of the Moon as seen from 
the Earth. These measurements were 
made from two areas, From a 600-m.p.h. 
Voodoo fighter flying from the Canaries 
which could almost keep pace with the 
Moon’s shadow, and from another air- 
craft flying above Massachusetts with 
Prof. Menzel of Harvard Observatory, 
who is interested in this phenomenon, 
aboard it. 

A New York “Moonwatch” team of 
satellite observers also made _ eclipse 
measurements—from the top of the huge 
RCA building in New York. 

Two teams, that from the University of 
Wisconsin, and a joint Sacramento Peak 
Observatory and High Altitude Observa- 
tory expedition, tried to obtain the solar 
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measurements that were frustrated at last 
year's eclipse by bad weather (Discovery, 
1958, vol. 19, No. 8, p. 345). 

Dr H. von Kliber of the Cambridge 
Observatories again took part, but made 
a different experiment for this year's 
observations, 

A newly set up radio research installa- 
tion at Ascension Island operated by the 
Radio Research Station, Slough, made 
ionospheric observations § directed to 
establishing exactly the number and posi- 
tion of “hops” made by a radio signal 
between the ionospheric layers and the 
Earth along the route that joins these two 
points, during the eclipse. The Ascension 
Island-to-Slough experiment is to continue 
for about a year, but the total eclipse over 
Ascension Island was expected to intro- 
duce anomalies in propagation, Prelimi- 
nary assessment of the data indicates that 
no anomalies were apparent 


Anti-g Capsule 
Experiments on the ground and in rocket 
flight have proved that the internal design 
of the full-size “Big John” man-in-space 
capsule for Project Mercury is correct, 
On September 9 a I-ton prototype vap- 
sule was launched for the first time, in a 
ballistic trajectory, in the nose-cone of an 
Atlas. No passenger was carried but the 
trial was declared fully successful. The 
self-correcting g device is the mercury 
capsule’s principal feature and was first 
demonstrated in high g sled tests with 
mice, It ensures that the capsule passenger 
always rides with the severe mechanical 
forces developed during acceleration and 
deceleration striking the body in the least 
harmful way. This proves to be by 
passing through the body by the shortest 
path and from front to back. In other 
words, the self-positioning device ensures 
that the long axis of the astronaut's body 
is always at right angles to the high g 
forces developed at take-off and during 
re-entry. The force expected during a 
manned space vehicle launching and 
return will make the body fifteen times 
the usual weight (15 g). If something went 
wrong, this force might be increased to as 
much as 100 g at re-entry 

The arrangement illustrated prevents 
the blood being swept from brain to feet 
or vice versa under high g loads. At the 
same time, the main internal organs are 
effectively caged in by the bone-structure 
of the ribs and pelvis. German-born Dr 
Harald von Beckh has developed this 
system as a result of his work with mice 
at the Holloman Air Force fast sled run 
He described this work at the London 
meeting of the IAF in September, Dr von 
Beckh is best known for his demonstra- 
tion that a subject adjusts less well to 
weightlessness if immediately preceded by 
a period under high g loads. 
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SPACE CALENDAR 
OCTOBER by Juno I rocket. Life-time: | year. 
1 Russians join working group in Experiments: Measurement of Van 


te 
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Geneva to arrange allocation and 
clearance of band-widths for use of 
space-vehicles, 

Total eclipse of the Sun visible from 
Massachusetts to Sahara, 

New Zealand radio amateurs 
bounce signal to a Californian 
amateur group via the Moon using 
home-made equipment. 

Lunik I launched into a long- 
period orbit, looping both Moon 
and Earth. All-up weight in orbit, 
1} tons, made up of 614-lb, auto- 
matic space station and 345 Ib. of 
other apparatus, the rest being the 
weight of last-stage rocket casing. 
Moon's hidden face photographed 
for the first time from Lunik 11 
travelling between 37,000 and 
43,500 miles of the Moon, during 
forty minutes in the early morning. 
Lunik Ill reached apogee 
292,000 miles (470,000 km.) from 
Earth. At this stage speed had 
slowed to 0:4 km. /sec, 

Names of three Russian astronauts 
undergoing space-flight training 
announced: Alexei — Blokonev, 
Alexei Grachev, Ivan Kachur. 

Is the Moon egg-shaped? Russian 
scientist's hypothesis published, 
mirroring recent finding on the 
Earth's shape from study of satel- 
lite perturbations. 

Australia deferred decision on 
American invitation to include 
Australian experiments in U.S. 
satellites, 

Explorer VII, 914-lb. top-shaped 
satellite launched into a 50° orbit 
varying from 350 to 700 miles high, 





Allen radiation, Earth's _ heat- 
balance, micrometeorites, 

13 Large U.S. missile launched from 
B-47 to pass ten miles in front of 
Explorer VI satellite. An anti- 
missile missile test? 

18 Lunik III at perigee, 25,000 miles 
(40,000 km.) from Earth, 

18 X-/5 rocket-craft reached 60,000 ft. 
and 1400 m.p.h. in 10-minute 
powered flight, its most ambitious 
test so far, 

20-24 Upheaval in American space 
circles due to President's decision to 
bring the Army Ballistic Missile 
Division, Huntsville, where Von 
Braun's team operates, directly 
under NASA. Saturn's prospects 
are affected. Ground tests have 
been postponed till 1960 already, 
because of money cuts. 

23 Prof, N. Kozyrev observed activity 
once more in the lunar crater 
Alphonsus and gained  spectro- 
grams, 

26 First pictures, published in Moscow, 

of the hidden face of the Moon 

secured by Lunik I], 

100-ft. foil-coated balloon placed 

250 miles high by rocket as test for 

U.S. “passive” communications 

satellite project; visible 300 miles 

away. 

Fifth Black Knight rocket out of 

five, successfully tested, Woomera. 

Rose above 500 miles. 
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NOVEMBER 
(end) Postponed U.S. lunar probe due. 


DECEMBER 
Five-stage U.S. Venus probe due, 























ON THE UNTRODDEN SANDS OF TIME... 


When a physicist or metallurgist in America 
wants to carry out very high temperature 
research on high purity materials where con- 
tamination of the order of even one part in a 
million can be disastrous, he orders his equip- 
ment from Neston. And if he works in Germany, 
France, Canada, Italy, Australiahe does thesame. 
Nowhere in the world have the art and science 
of making things from pure highly refractory 
oxides, been carried so far as in this Purox 


MORGAN REFRACTORIES LIMITED, 
NESTON, WIRRAL, CHESHIRE. 
TEL: NESTON 1406. 


range of oxides. At Neston they now make 
these pure thoria, magnesia, and zirconia and 
alumina crucibles and tubes in sizes that only 
two years ago were impossible. They can make 
intricate shapes and hold dimensions to close 
tolerances — even though, after forming, the 
parts have to be fired at temperatures that make 
ordinary furnace refractories run like treacle. 
And Purox is only one of the many unusual re- 
fractories Neston make. 
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Listening in the Dark. The Acoustic 
Orientation of Bats and Men 
By D. R. Griffin. (London, Oxford 
University Press; Yale University Press. 
413 pp., price in U.K. 60s. net) 
This interesting volume, written by 
Donald R. Griffin, Professor of Zoology, 
Harvard University, is based on the 
Trumbull Lectures delivered at Yale 
University. It is concerned primarily with 
a detailed study of the ultrasonic 
behaviour of bats, and provides an 
excellent example of combined research 
in biology and physics. The author is a 
leading authority on this subject, having 
pursued the investigations from his 
undergraduate days at Harvard. Here 
he had the advantage of supersonic (later 
ultrasonic) assistance from that well- 
known pioneer of the subject, Prof. G. W 
Pierce. Such encouragement combined 
with the author's intense interest in the 
behaviour of bats flying in the dark, 
ensured a good start on the fascinating 
researches into the methods used by bats 
to avoid collision with obstacles which 
they cannot see, As Prof. Griffin points 
out, bats have eyes, they can tell light 
from darkness, and can see gross and very 
conspicuous patterns of large black-and- 
white areas. More refined pattern vision, 
however, is very difficult, if not impos- 
sible, for them. H. Maxim had suggested 
in 1912 that bats avoided obstacles by 
means of low-frequency sounds, whereas 
in 1920 H. Hartridge, bearing in mind the 
underwater echo location of submarines 
by high-frequency sound developed in the 
First World War, held the view that the 
bat relied on sounds of very high 
frequency and short wavelength 

Prof. Griffin develops Hartridge’s h.f. 
location suggestion and describes many 
extremely interesting and ingenious in- 
vestigations made by himself and in col- 
laboration with others, particularly R. 
Galambos, to discover how bats in full 
flight “can dodge the jutting stalactites in 
a pitch black cave”. Earlier chapters of 
the book describe the life history and 
physiological characteristics of the many 
types of bat, from small mouselike 
creatures to the much larger flying foxes. 
Their habits of migration, hibernation and 
homing ability are described. In sub- 
sequent chapters it is revealed how bats 
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“hear their way”. They generate their 
own sounds and locate obstacles by means 
of their ears. A cnapier on the voices of 
bats describes investigations on the dura- 
tion and frequency characteristics of the 
short sound pulses emitted by bats in 
flight. An excellent series of cathode ray 
oscillograph records reveals that the dura- 
tion of the pulse of h.f. sound emitted 
by certain bats is of the order 2 or 3 milli- 
seconds and the frequency of vibration of 
the sound in the pulse is of the order 
50 kc/sec. The frequency emitted and the 
pulse length are, however, not constant 
as the records reveal. Observations made 
on the intensity of these sounds indicate 
sound pressure levels of several dynes/cm* 
at 30 cm. from the bat's mouth. Having 
emitted this intense high-frequency pulse 
of sound the bat’s ears must be adapted 
to listen for the echo and to decide 
quickly the “range and bearing” of the 
obstacle. To quote the author, “They 
and their ancestors have been busy per- 
fecting the process of echo location for 
fifty million years at least’, so it should 
be worth while to study the processes of 
sound transmission and reception § in- 
volved. Detailed physiological examina- 
tion of the bat’'s ears, and cochlear poten- 
tial measurements made by Galambos, 
suggest that the hearing range covers the 
whole range of frequencies at which 
appreciable energy is present in the sounds 
emitted by its voice. It is clear from the 
many researches described that the bat's 
faculty of hearing replaces in importance 
that of sight on which most animals rely. 
Following chapters of the book describe 
experiments to test the bat’s acoustic 
orientation by avoiding obstacles, 
stretched wires, etc., in the dark when its 
mouth and/or its ears are put out of 
action. Interesting chapters follow which 
deal with the “acoustic orientation” of 
other animals, water-beeties, whales, birds 
and blind persons. In regard to the blind, 
interesting speculations are made as to 
what means of echo location can be 
devised for them, and what can be learned 
from the bats. Artificial echo-location 
devices such as Echo Sounders for naviga- 
tion and fish detection are described, and 
this very interesting and stimulating book 
ends with a philosophical chapter on “The 
Experimental Naturalist in Modern 
Science”. It has taken us a long time to 
learn what the bats knew fifty million 
years ago! 

The book is well printed and is supplied 
with numerous illustrations and references 
to published papers. The style is such that 
it should appeal to all types of reader, 
specialist or layman. 





A brief review cannot do justice to such 
a fascinating and instructive volume. 
Professor Griffin is to be congratulated 
and thanked for writing such an excellent 
and stimulating book, based mainly on 
his own researches. A. B. WOOD 


Five Families: Mexican Case Studies in 
the Culture of Poverty 

By Oscar Lewis (New York, Basic Books 
Inc., 1959, 351 pp., $5.50) 


Anthropological studies that detail the 
lives of individual families gain in vivid- 
ness and personal detail, which must 
necessarily disappear when larger samples 
are analysed statistically. But there are 
disadvantages. Oscar Lewis's book is en- 
trancing. If the sordidness had more 
artistic pattern and significance it could 
be read like a realistic modern novel. 

Yet though some of the characteristics 
shown by his five Mexican families may 
be typical of the society in which they 
live, others are not. Guard as he may 
against the danger of generalising from 
the particular, the reader in the U.S.A. 
or Britain will find it hard not to form, 
somewhere in the back of his mind, a 
general picture which in certain respects 
is scarcely just 

Certain interesting and alarming im- 
pressions emerge. Of the five families, 
one is a peasant family with its economy 
based on the land. Three are very poor 
city families. And the last is a new-rich 
industrial one. Oddly (though if one lives 
in Mexico not surprisingly) the progress 
from poverty to riches is a progress from 
deep to shallow religious perception, 
from more to less serious reading, from 
earthy to diseased sexual problems, and 
from a kind of rough contentment based 
on a full day's work to an almost constant 
cantankerousness resulting from artificial 
pleasures and twisted values 

This trend should give food for thought 
to those who still believe that the trend 
from an underdeveloped to a developed 
economy is necessarily and in itself 
desirable. In fairness, however, it should 
be noted that the poor peasant family is 
not by any means typical in its religious- 
philosophical pre-occupations and in its 
sense of civic responsibility. The father 
of this one became a_ Seventh-Day 
Adventist, and later reverted to his 
original Catholicism. His wife “was only 
dimly aware that he had been disillusioned 
with the Mexican Revolution. .. . He was 
given a Bible which seemed to him the 
great revelation of his life.” Later the 
behaviour of individual evangelists dis- 
illusioned him again, for “he had hoped 
that the high moral principies of the 
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* New Books *® 


LABORATORY INSTRUMENTS 
THEIR DESIGN AND APPLICATION 
by 


A. ELLIOTT, PH.D., D.SC., & J. HOME DICKSON, M.SC. 
SECOND EDITION—REVISED 
540 pages Mlustrated 55s. net 


This book, based on the experience of many years of research work, presents the principles on 
which good design is based and gives, as well, many examples of practical applications. The first 
edition was an immediate success, and the demand for a second edition has given the authors the 
opportunity of revising the book completely and of adding much new material 


* 


ADVANCES IN ASTRONAUTICAL SCIENCES 
Volumes I to IV 


Mlustrated 80s. net each 


Distributed for Plenum Press Inc., of New York, these volumes contain the proceedings of the 
Third, Fourth, and Fifth Annual Meetings in 1956, 1957, 1958, and of the Western Regional 
Meeting. 1958, of the American Astronautical Society. The papers describe original technical 
research and delineate the direction of research needed in the future to facilitate space exploration. 
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A NEW VOLUME IN THE UNIVERSITY IH) 'M| Ce) 


MATHEMATICAL TEXTS SERIES 


‘This is a very good series of mathematical texts . . 
and Dr Rutherford’s book maintains the high Scientific Research 


standard set by himself and other authors."’ in British Universities 

Technical Education 

Outlines the projects being undertaken by research 

4 d © teams in the scientific departments of British Univer- 

fluid yhnamics sities and University Colleges during the 1958-9 
RUTHERFORD session, Name and subject indexes are included. 

25s. (post \s.) 


A clear, concise, yet adequate account of the 


dynamics of liquids and gases. 238 pages 10s. 6d. The Natural Durability 


The aim of the University Mathematical Texts of Timber 
series is to provide compact and inexpensive by D. N. SMITH 
textbooks on standard topics of mathematics. 
They are intended to carry the reader from an 
elementary or intermediate grade up to an 
honours standard in these subjects. Please 
write for twenty-four page catalogue listing the 


twenty-two titles available. From the Government Bookshops 


: or through any bookseller 
Oliver and Boyd 


Tweeddale Court, Edinburgh | iM (ec) 


Records the results of an investigation put into opera- 
tion in 1932 to test the natural durability of a com- 
prehensive range of timbers. 2s. (post 2d.) 
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Adventists and their emphasis upon 
brotherhood would give him the trust and 
love he wanted”, Obviously this man is a 
doubting and nagging thinker of a rare 
type at any social level. Poor as he is, his 
library includes a copy of the Mexican 
Constitution and the Civil Code besides 
numerous religious books. The rich 
family, on the other hand, has no reading 
matter beyond some popular magazines 
and cheap novels. The TV-based civilisa- 
tion which we see growing in the slums of 
the city, is brought within these unhappy 
walls to a pitch of self-torture. 

The general trend is obvious enough, 
yet to be completely fair the atypical 
peasant family might have been matched 
against that of a rich intellectual and not 
against a family of playboys and em- 
bittered women. It is a pity, too, that 
there is such a big jump from poverty to 
riches, and that one or two studies were 
not included of the growing middle- 
classes, which would have shown the 
transition and the points at which, per- 
haps, the innate Mexican philosophical 
leaning might be redirected into stabler 
forms. Oscar Lewis may know that his 
families are not typical of the whole of 
Mexican society, but his readers, after all, 
do not. I. NICHOLSON 


Electron Physics and Technology 

By J. Thompson and E. B. Callick (The 
English Universities Press Ltd, 84 in. x 
54 in., 527 pp., line illustrations, 50s.) 

The schoolboy, taught under the old 
rigid system of demarcation between 
scientific subjects, used to think of geo- 
metry as one distinct branch of unwel- 
come knowledge, algebra as another, and 
arithmetic as the third. Nowadays, more 
enlightened teachers show the young 
starters from the very beginning that all 
these subjects are but part of one subject. 
It is the same with electrical engineering; 
until very recent times the heavy-current 
engineer not only knew nothing of elec- 
tronics but even scorned those who did, 
since they dealt with microampéres in- 
stead of megawatts. Now, every engineer 
needs to know something of electron 
physics if he is to understand any branch 
whatsoever of electrical engineering. The 
semiconductor, to give one example of a 
device which spreads out into all branches 
of electrical science, is found equally in 
the laboratory and in the heavy electrical 
engineering workshop, disguised in one 
case aS a tiny transistor and in the other 
case as a silicon diode rectifier providing 
the power for a variable-speed motor 
driving a huge machine tool. 

For these reasons, this book is welcome 
since it provides for all students of elec- 
tricity a clear, simple, and largely non- 
mathematical approach to the elements 
of electron physics and deals with the 
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fundamental concepts of conduction in 
a way which could not easily be bettered. 
(It is, however, possible to quarrel a little 
with the statement on p. 14 that “matter 
can exist in three easily distinguishable 
states—a gas, a liquid, or a solid”. Physi- 
cists nowadays commonly include the 
plasma state, especially when discussing 
electron physics in relation to nuclear 
research.) 

After the first section, dealing with con- 
duction in various substances and in a 
vacuum, the next section touches on elec- 
tronic devices employing space-charge 
variation, such as the thermionic valve 
and the transistor, and this section could 
be linked with the third part, where elec- 
tron inertia is considered, in connexion 
with high-frequency effects in conven- 
tional valves. This, again, leads naturally 
to the discussion of microwave devices 
such as travelling wave tubes and pulse 
modulators. 

The authors then touch on _ special- 
purpose tubes, such as cathode ray tubes, 
storage tubes, and photo-emissive, photo- 
conductive, and photovoltaic devices. 

A practical section concludes the book, 
and here the authors discuss materials 
and construction for all types of electron 
devices mentioned previously. 

The speed of progress of electron 
development is such that any book must 
of necessity deal with practice about two 
years before the date on which it is 
generally available to the public. This 
book is no exception, and it would be 
possible to point to a number of instances 
where developments later than those men- 
tioned by the authors (particularly in the 
semiconductor field) have made the text 
slightly obsolete: but this in no way 
detracts from a book which can be said 
to fulfil completely the purpose mentioned 
by the general editor of the series of 
which it forms part. This is: “To give the 
reader an integrated account of a subject 
up to the level of an honours degree of 
any British or Commonwealth university 
or the graduate membership of a profes- 
sional institution”. J. H. M. SYKES 


The Design of Physics Research 
Laboratories 

Produced by the Institute of Physics 
(Chapman & Hall, 1959, 108 pp., 21s.) 


This collection of papers, presented to 
a symposium held by the Institute of 
Physics at the Royal Institution in 1957, 
displays the rather undeveloped con- 
dition of the subject. It is ten years since 
the preceding symposium took place, the 
literature is scanty, and laboratory design 
is only just emerging from the stage of 
the individual expert with his personal 
solution. 

Two of the papers in the present 
volume are outstanding—that by C. S. 





Haines on American laboratories, and 
that by R. G. Hopkinson on research into 
laboratory design. 

Mr Haines is able to draw on American 
experience, derived from building on a 
scale far beyond what has been done in 
this country. By the hard way, of trial 
and error, Americans have learnt several 
important truths about laboratory design 
which could be more widely known and 
applied here. They have learnt the advan- 
tage, in convenience to the scientist and 
in building economy, of running all 
laboratory benches at right angles to the 
window wall, instead of alongside it. 
They have also learnt to accept a basic 
grid or “module” for the layout of the 
main services, and to design their rooms 
as multiples of the grid dimension. 

Dr Hopkinson’s paper is very different. 
It is concerned mainly with the problem 
of natural and artificial lighting in 
laboratories, and the repercussions of 
lighting on general design. [t is the only 
paper which attempts a scientific, as 
opposed to an empirical, approach, and 
which presents material in a form that 
designers can use in relation to a range 
of problems, rather than an individual 
solution. 

We need more work of the kind 
described by Dr Hopkinson, more publi- 
cations such as the present volume, and 
more meetings similar to the symposium 
it records, if laboratory design is to be 
improved in quality to keep pace with the 
nation’s needs. R. LLEWELYN DAVIES 


Der Grosse Duden 


(Mannheim, Bibliographisches Institut, 
1959, 782 pp., Large 8vo, DM12.50 (appr. 
f/ 2s.). An English-language edition is in 
preparation. 

“Das umfassendste Bildwérterbuch der 
Welt” is the subtitle of this amazing 
volume, the most comprehensive pictorial 
dictionary in the world—and rightly so. 
The publishers, former editors of the 
once-famous “Meyer Lexikon”, herewith 
present a really first-rate picture reference 
book on modern German usage. This book 
goes well beyond the usual range of sub- 
jects, for it covers to an amazing extent 
fields of up-to-date topicality: nuclear 
physics, satellites, rocket physics, colloid, 
and many other branches of chemistry 
and biochemistry, civil, aeronautical and 
production engineering, productivity and 
management, these and many more 
aspects of the great developments in 
human science and technology are all 
represented in no less than 25,000 pictures, 
tables and diagrams not included. This 
work will be of inestimable value to 
German courses, especially in science 
sixth forms, in faculties of science and 
technology in university and CAT classes, 
and for the person whose interest in 





German stems from his engineering or 
scientific work; the arts man is also likely 
to read it with great profit. 

I should like to see a work such as this 
in all German Departments of universities 
as well as in the hands of all teachers of 
science, for there is a wealth of general 
information of biographical and purely 
descriptive nature to help him or her in 
many ways, often unexpected. Small 
wonder the book is in its twentieth edition! 
Many more will yet follow J. HORNE 


Age and the Working-Lives of Men 


By F. le Gros Clark (Nuffield Foundation, 
Londan, 1959, 68 pp., 3s.) 


It is a traditional practice in modern in- 
dustry to dismiss its most experienced 
men. This is, in fact, the implication of 
the custom of compulsory retirement at 
a fixed age. The assumption behind it is 
twofold—that beyond the age of 65 
many occupations become too “heavy” 
for efficient performance by men who 
must also, in the nature of things, expect 
to ail more often than their juniors: 
and that in late life judgment and initia- 
tive are impaired. Both may in part be 
true. though we contradict the second in 
practice by retaining judges, legislators 
and political leaders not only into late 
life but even into manifest senility. 


Neither is fully justified by modern re- 
search in human ageing, and the wastage 
and personal frustration caused by the pre- 
sent convention are already, in the view 
of many sociologists, a serious social evil. 

Mr le Gros Clark has devoted himself 
to fact-finding about these questions. It 
has so far been extremely difficult to find 
out what the performance of ageing men 
in different occupations is really like, 
how many of them there are, and how 
it might be possible to improve their 
position. By their mid sixties, 20%, of men 
employed in industry will have changed, 
or be about to change, their job: by 70, 
the same percentage have become physi- 
cally unable to work at all, Figures differ 
in different occupations—farm workers 
naturally survive longest (they have the 
greatest choice of activities) but in most 
trades only 40 to 50", of the labour force 
at the age of 55 survives to work in the 
same trade at 65. 

The results of these studies are effec- 
tively “life tables” -we are most familiar 
with these when they measure general 
mortality; le Gros Clark measures instead 
“useful” (or actual) working-life. The 
most striking thing about his occupational 
survival curves 1s perhaps the length of 
the “tail” —it is surprising, from what has 
been said about retirement, that 10%, of 
dockers and 14% of engineering labourers 
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work on into their seventies. The general 
run of the results confirms in actual prac- 
tice what psychological studies have 
shown experimentally—that the factor 
which makes work “too heavy” for the 
elderly man is not muscular, e.g. the need 
to lift weights—he may well have acquired 
a knack which gives him advantage over 
a youngster—but time-stress. “Lighter” 
works means work which need not be 
hurried. 

What emerges from the study is this— 
that in their mid sixties some men must 
give up work through ill health—but 
others who apply for a pension at the 
same age do so because they have been 
dismissed and see little or no chance of 
re-employment: this is the deciding factor 
in making them retire when they do. How 
common such dismissals really are, and 
how much real wastage they represent, 
is the next point to be ascertained. But if 
there are many, it is clear that here is 
another case where “oldness” judged by 
social roles is being dictated by custom 
and not biology. Our grandmothers who 
put on jet and button boots at 5O were 
‘older” then in the social role allotted to 
them than any modern woman of 70 
How far the same is true in industrial 
employment we may be able to discover 
from the continuation of studies such as 
this A. COMFORT 





Electronic Flash Photography 


A Survey of Principles and Practical Techniques 
in Industry Research and Radiography 


BY RALPH L. ASPDEN, A.F.R.Ae.S. M.A.IE.E. 


Few forms of scientific investigation do not today rely upon electronic flash photo- 
graphy to provide essential data, yet there has hitherto been lacking a comprehensive 
and specialized study of the principles and applications of this important branch of 
modern photography. That need is now met by this authoritative survey which 
ranges in scope from early experiments of historical interest to the latest ultra- 
high-speed techniques used for scientific research. 
The result is a balanced work of high technical merit which should be invaluable 
not only to technicians engaged in scientific or industrial research but to all who are 
in any way concerned with this branch of modern photographic practice and wish 
to make the most efficient use of their existing equipment or to extend the scope of 


their work. 


8}" x 5%" 212 pages. roo Illus, Cloth Boards. 


38s. 9d. by Post from the Publishers 


378. 6d. net from your Bookseller now 


Temple Press Books - Bowling Green Lane - London E-C-1 TT 
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Industrial Sponsorship 


Recently your reviewer has seen a large 
number of films of a scientific, semi- 
scientific, or technical nature which have 
been paid for by individual industries or 
trade organisations. 

The Public Relations Officer who helps 
make a film for his firm has many prob- 
lems. His job usually consists of convinc- 
ing editors that he has a story, product, or 
development which is unique. When he 
comes to films he forgets that he is using 
an entirely different medium, and one 
over which he can have almost complete 
control. He is also very conscious of the 
fact that his company usually has to pay 
for the production, and often for the dis- 
tribution of the film. 

The message of any film, sponsored or 
otherwise, begins with its title. From the 
moment a potential audience sees the title 
in a catalogue, to the time it is seen on 
the screen, it helps to condition them to 
the content. All too often film titles have 
a merely gag-writer’s connexion with the 
subject. The possibly apocryphal story 
of the Astronomer Royal asking for 
tickets to see The Milky Way—which in 
fact told the story of London's milk 
supply, is a good example. This system of 
irrelevant, though sometimes amusing, 
titles makes the choice of films very diffi- 
cult, especially as many catalogues do not 
give sufficient detail of the content and 
potential audiences. 

The British Electrical Development 
Association’s large film library, with 
films of purely educational, or informa- 
tional character, on free loan, is an 
example of what can be done by a far- 
seeing organisation. Some recent titles are 
of interest to scientists working in in- 
dustry, such as /sotopes in Industry, which 
shows and describes the practical up-to- 
date uses of isotopes in packaging, testing 
and thickness measurements in a variety 
of industries. They also have reasonably 
advanced technical films on Electro- 
chemistry, Magnetism, Electrical Induc- 
tion and Capacity, High-frequency Heat- 
ing, etc. 

The Aluminium Development Associa- 
tion has a 16 mm. sound film and filmstrip 
library distributing films free of charge. 
It has films on various subjects such as 
The Fabrication of Aluminium Alloys, 
and Pigs and Progress—a potentially mis- 
leading title for a prestige film showing 
the production of aluminium. 

No discussion of industrially sponsored 
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films could be complete without mention 
of the great oil companies, of which the 
contribution of Shell is particularly note- 
worthy. Nevertheless there is an increas- 
ing need for good, simple, direct, scientific 
visual material of all sorts. This is neces- 
sary from the primary school right up to 
post-graduate studies in education, and 
for the information of the working 
scientist and the man in the street. 

It is interesting that the European Pro- 
ductivity Agency, for which your re- 
viewer worked for some years, tried to 
initiate and sponsor a series of technical 
digests on film. The intention was to film 
new processes or scientific discoveries or 
experiments in such a way that they would 
be of value to others working in the same 
field, and would supplement with visual 
movement papers on the subject. This 
project, if it had come to fruition, would 
have consisted largely of silent records in 
colour or black and white, as the subject 
demanded, which would have been avail- 
able to research or other workers from 
libraries. Unfortunately none of the seven- 
teen member countries were sufficiently 
interested to produce ideas suitable for 
filming. There is undoubtedly a vast field 
to be explored in the use of various photo- 
graphic techniques in science, and the 
sooner that industrial sponsorship extends 
its scope the better for industry and the 
world at large. 


Time to Think 


16 mm., colour, produced by Cinechrome 
Ltd for International Computers and 
Tabulators Ltd, directed by Jack Flack, 
40 minutes. (Available on free loan from 
The Films & Lectures Department, Inter- 
national Computers and Tabulators Ltd, 
Gloucester House, 149 Park Lane, 
London, W.1. Telephone Hyde Park 
8080.) 


In its scope this film sets out to show 
management what is involved in adopt- 
ing an electric computer. The analysis and 
research before installation may take as 
long as two years. In the case history 
shown in the film (that of a moderate- 
sized industry) a team is appointed, and 
working with the representative of the 
Computer Company, they attend courses 
and carry out a detailed research into 
every department of their company, prior 
to preparing the “programmes” for the 
computers. 

The subject and the potential use of 
computers is of great interest to modern 





management and to scientists. Unfortu- 
nately, as is too often the case, all the 
meat is in the dialogue and the film com- 
pletely lacks visual excitement. The par- 
ticipants at the conferences and discus- 
sions which occupy at least three-quarters 
of the film just talk, and most of the film 
is spent looking at faces and a number 
of these look bored. When diagrams and 
charts appear on the screen they are 
nearly always in long shot. Your reviewer 
felt frustrated because there was so much 
he wanted to know and see, which was 
pushed out to make way for a rather 
halting dialogue. 

The first demonstration of any sort 
took place after half the film had passed. 
Neverthéless the subject-matter is com- 
pletely fascinating and of vital importance 
to the future of industry and, in spite of 
its faults, the film is well worth seeing. It 
is to be hoped that this company will pro- 
duce more films, but ones which use the 
full potentiality of the medium combining 
actual shots, animated diagram and 
dramatic sequences to show more fully the 
subject which this film introduces. 


Industrial Electric Heating 


35 mm. and 16 mm., colour, sound, 30 
minutes. Produced for the British Electri- 
cal Development Association by Verity 
Films Ltd, in association with Film Pro- 
ducers Guild. Directed by Seafield Head. 
(Available on free loan from the Electrical 
Development Association, 2 Savoy Hill, 
London.) 

A great problem in the dissemination of 
new processes and techniques is how to 
inform the public and specialists of things 
they should know already—but in fact do 
not. Countries have internal technical 
information services, like Trade Organisa- 
tions, aid DSIR_= and_ International 
Organisations like the European Produc- 
tivity Agency are available for the 
exchange of technical information. 
However, too many industries, es- 
pecially medium and small firms, neither 
willingly give nor receive ideas from other 
people. 

This film sets out to make people think 
of ways in which they can obtain greater 
productivity through the use of electric 
heating. The film-maker was faced with 
the almost insurmountable problem of 
how to avoid making a mere catalogue. 
On the whole his gimmick—a film director 
in search of a script—succeeds and is not 
over-stressed, although the idea is not 
entirely novel. 

Every effort is made throughout the 
film to hang the utilisation of electrical 
heating on the peg of the film director 
doing the research before making the 
film; the opening, and the titles, are very 
imaginative. To justify a simple intro- 
ductory treatment the film director is 





completely ignorant of the subject at the 
beginning. First he is taken quickly round 
the works and is shown resistance heating, 
radiant heating, induction heating, and 
dielectric heating. To give a _ natural 
opportunity for these to be explained to 
a normal, intelligent, non-technical adult, 
he is taken to an Apprentice Training 
School where he is shown by animated 
diagram and practical example how the 
four main types of electric heating are 
used. 

The commentary throughout is logical 
though rather quick, After the introduc- 


(Available on loan from the Aluminium 
Development Association, 33 Grosvenor 
Street, London, W.1.) 

In most cases the methane gas which 
comes from an oil well is a waste product. 
A small amount can be used locally, but 
unless economic and safe means of trans- 
port can be discovered, it will not be pos- 
sible to move this gas to parts of the 
world where it can be used. 

The film begins by showing the impor- 
tance of liquefying methane gas so that 
it occupies | /600th of its normal volume. 
In this form it can be transported by sea 
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esting problem and economics of trans- 
porting methane, but merely showed 
storage-tank and pipe construction at 
various stages. 

The photography and colour are good 
and clear. This film is only likely to be of 
interest to very specialised audiences. 

L. GOULD-MARKS 
Television 
With the autumn term in full swing, 
school science television has of course 
burst into full activity, but so far, the 
science broadcasts for adults lag far 
behind. ITA is, as yet (October), com- 


FIG. 1. The North Thames Gas Board methane installation at Canvey Island. The 10-in. and 
4-in. aluminium pipe-line constructed by the APV Company Ltd, and the completed 2000-ft. 


tion the film director visits a number of 
factories and sees ways in which electric 
heating is applied to all sorts of 
processes. 

The film is designed to be shown to fac- 
tory managers and others “whose techno- 
logical experience is likely to be associated 
more with their own trade than with 
things electrical”. 

This is an extremely well photographed 
and colourful film though it could have 
been ten minutes shorter, and possibly, 
from the point of view of busy manage- 
ment, just as effective without a contrived 
story. In fact an unadulterated treatment 
might have made the importance of 
electric heating to industry more striking. 


Aluminium for Sub-Zero Methane 

16 rm., colour, commentary, 174 minutes. 
Produced by Paul Schofield for the 
Aluminium Development Association. 


pipe-line are illustrated. 


or land, always provided that suitable con- 
tainers can be made. 

Research carried out by the Aluminium 
Development Association and the North 
Thames Gas Board and by Lloyd’s 
Register of Shipping, produced a special 
aluminium alloy and 400-ton alloy tanks 
were fitted into the Methane Pioneer, a 
ship which had been converted for the 
job. 

The film shows the building of 2000- 
ton storage tanks on Canvey Island and 
the aluminium alloy pipes which run 
from the jetty to the tanks, and arc- 
welding in inert gas. 

Your reviewer attended the film with 
a member of a leading oil company work- 
ing in the Middle East, and the conclusion 
reached was that this film is largely of 
interest as a record of the constructional 
methods used and the tests carried out. 
It did not attempt to deal with the inter- 


pletely dormant, if we exclude the Sunday 
afternoon science programme which is 
presumably aimed at the teen-ager. During 
October there has been only one really sig- 
nificant broadcast in science. This occurred 
on BBC as the third in a spread-out series 
of six programmes entitled “With Europe 
in View”, a series in which Aidan Crawley 
presents speakers from different European 
countries in discussions about funda- 
mental modern challenges to thought. ‘The 
subject selected for October 7 had the 
provocative title “Will Science Destroy 
Faith?” and emerged as a contest between 
two distinguished physicists and two dis- 
tinguished theologians. The physicists, 
Prof. Auger of Paris and Prof. Blackett 
of London, fell into line, supporting each 
other, and the same was true of theo- 
logians, Prof. van Holk and Dr von Sim- 
son, in Holland. It was a most exciting 
discussion and the extremely efficient 
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co-ordination of the broadcasts from the 
different countries was striking in its 
effect. This was actually a BBC recording, 
but so admirable was the timing, and the 
editing, in the switch from speaker to 
speaker, was so well done, that the very 
real illusion of a live broadcast was 
created. Indeed one had no inkling that 
this was a recording until reference was 
made to the Radio Times. 

There were many notable points in this 
delightful controversy. Prof. Auger made 
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largely round this concept that a brilliant 
discussion was carried on. Would that we 
could hear more such incisive masters of 
controversy on our programmes. This was 
indeed a rare titbit. 

An unusual and quite unexpected and 
unheralded set of recordings of earlier 
science programmes was put out by BBC 
during the week August 2-9. At 6.45 p.m., 
on four of these days, recorded pro- 
grammes from earlier “Eye on Research” 
series were rebroadcast. These were very 








In connexion with these four recorded 
broadcasts, it is a matter for curious com- 
ment that not one of them was mentioned 
in the weekly summary page “Highlights” 
of the Radio Times, which always picks 
out the more important items broadcast 
during the forthcoming week. During that 
particular week, “Highlights” listed no 
fewer than fifty separate items as worthy 
of attention, covering plays, music, light 
entertainment, sport, women’s activities, 
and serials like Brains Trust, Panorama, 


FIG. 2. The completed Whessoe-built liquid methane tank in the foreground. 


some penetrating comments (in superb 
English) about computers and brain 
activity, and discussed the possibility of 
the production by man of living cells, in 
the not-too-distant future. All four con- 
tributors made profound mature contri- 
butions and the discussion turned largely 
on the question of whether or not science 
needed for its synthesis to incorporate the 
concept of a divine creator. At no point 
did the physicists become over-technical, 
despite the danger that cosmology might 
have been a subject which would tempt 
them instinctively into a discussion of 
basic physical concepts. Their restraint 
was admirable throughout. The tone of 
the argument was largely set by Prof. 
Auger quoting the celebrated retort made 
to Napoleon, when the Emperor asked the 
author of “Celestial Mechanics” what 
place was occupied by God in his scheme, 
to which, as we know, Laplace replied “I 
had no need for that hypothesis”. It was 
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welcome repeats and since the series con- 
cerned has already received mention in 
this column, comment will only be made 
here on the technical quality of the record- 
ings as such. The sound, as is to be ex- 
pected, was perfectly recorded and indis- 
tinguishable from “live” sound. The vision 
is as yet a little inferior to live broadcast- 
ing though not markedly so. A major 
fault would appear to be a very notice- 
able reduction in contrast in the signal; 
indeed it is necessary to boost up the 
receiving set contrast considerably to 
restore a normal tone. How much so, in 
fact, became only too clear when the 
“live” studio announcer appeared after 
the recorded programme had ended. This 
minor fault apart, the reproduction in the 
recording was otherwise surprisingly free 
from any other serious distortion. There is 
no doubt that the problem of recording 
vision has been largely satisfactorily 
solved. 


and so forth. It is indeed a sad reflection 
that these recorded science programmes, 
into each of which went an awful lot of 
effort, should, it seems, be considered too 
trivial to deserve mention amongst such 
obviously very vital matters as Westerns, 
Horse of the Year Show, and Fashion 
and Beauty, which along with forty- 
seven other presumably equally important 
items, received full recognition in “High- 
lights”. 

Should we be generous and conclude 
that perhaps recordings of former pro- 
grammes are not considered worthy 
enough of a mention? That hardly seems 
a justifiable explanation in view of the 
regular inclusion in “Highlights” of repeat 
times of comedy films. Was it merely an 
oversight; or, much more serious, was it 
a reflection of real policy concerning the 
relative status of science broadcasts and 
broadcasts of light entertainment? 

S. TOLANSKY 








FAR AND NEAR 


Nobel Prizes 

The Nobel Prize Winners for 1959 in 
Physics and Chemistry were announced 
by the Swedish Academy of Science on 
October 26. The prize in Physics is being 
shared by Profs Emilio Segré—lItalian- 
born but active at the Berkeley University 
in California for many years—and the 
American Owen Chamberlain. The prize 
in Chemistry was awarded to Prof. Jaro- 
slay Heyrévsky, Czechoslovak scientist, 
head of the Institute of Polarography at 
the Academy of Sciences, Prague. 

The prize in Physics was awarded for 
the discovery, in 1955, of the anti-proton, 
which opened up an entirely new era in 
physical science. This discovery—which 
constitutes a new and important confir- 
mation of the assumption that matter 
exists in the two shapes of particles and 
anti-particles—had been predicted on 
theoretical grounds thirty years pre- 
viously by the English Nobel laureate, 
P. A. M. Dirac. The anti-proton was 
identified by means of the Berkeley Beva- 
tron. Prof. Segré was born in Italy in 1905 
and Prof. Chamberlain in San Francisco 
in 1920. 

Prof. Heyrévsky’s prize in Chemistry 
was awarded for his important discoveries 
in polarography, particularly the method 


of analysis by means of polarography. 
Heyr6évsky was first made professor—in 
Physical Chemistry at the Karls Univer- 
sity, Prague—in 1922. His present assign- 
ment as head of the Institute of Polaro- 
graphy dates from 1950. Prof. Heyrévsky 
was born in Prague in 1890. 


Advanced School of Automobile 
Engineering 

An advanced School of Automobile Engi- 
neering is to be established with the 
object of providing instruction at post- 
graduate level in engineering in relation 
to the needs of the motor industry. The 
School, which is sponsored and sup- 
ported by the Society of Motor Manu- 
facturers and Traders, the Automobile 
Division of the Institute of Mechanical 
Engineers and the Ministry of Education, 
will be located at Cranfield, Bedfordshire, 
and will work in close association and in 
co-operation with the College of Aero- 
nautics. It will be residential. 

The principal educational activity of 
the School will be the provision of a one- 
year post-graduate course comprising 
lectures and laboratory work for men 
who have had experience in industry. A 
student body numbering about twenty is 
envisaged for this course, but additional 
short courses will be organised from time 
to time. The Director will be assisted 
by a full-time academic staff with the 
necessary secretarial and technical assis- 
tance. 

Once this new educational enterprise 
has come into full operation a selected 
number of young engineers of high 
quality and creative ability will regularly 
re-enter the industry from the School, 
better equipped to help automobile 
engineering remain in the forefront of 
progress, and able ultimately to occupy 
key technical posts with their com- 
panies. 


Liverpool University 
One of the six identical Teaching Laboratories in the new Physics Building 
at Liverpool University. 
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More Prehistoric Paintings found in 
Sahara 

A French ethnologist, Henri Lhote, 
returned from the Tassili region of the 
Sahara with 4000 reproductions of the 
engravings and paintings found on the 
rocky walls of the gorges of the Wadi 
Djerat. 

A new method was used by Lhote and 
his team to take impressions of engrav- 
ings. First, large stretches of engraved 
rock were covered with a plastic rubber 
coating, then a cloth was laid over this 
glue, which, once dry, peeled off easily 
with a perfect reproduction of all the 
engravings on the rock face. 

These castings are now in the Musée 
de (Homme in Paris. 


Marsupial Mouse May Play Part in 
Research 

The Australian marsupial mouse may 
play an important part in radio biology 
research experiments in Europe and 
Britain if breeding experiments at the 
Adelaide University prove successful. 

A senior lecturer in Zoology at the 
Adelaide University, Mr Sharman, is 
about to leave on an expedition to central 
Australia in search of marsupial mice, 
which he hopes to breed in a laboratory. 
Mr Sharman said that this type of mouse 
was about the size of a rabbit and had 
certain peculiarities which suited it for 
radio biology experiments. The trip and 
research is being financed by the Nuffield 
Foundation. 


High-Speed Colour Film 

Kodak High-speed “Ektachrome” Film 
has the surprising speed of 160 ASA~—33° BS, 
with grain as fine as that of normal “Ekta- 
chrome”, and with rather lower contrast 
than either “Ektachrome” or “Koda- 
chrome”. 

The basic exposure for bright sunlight 
is 1 /250th at f/ 16, so that one can stop the 
fastest movements with ease, and give 
exceptional depth of field. This colour 
film has now invaded the field of indoor 
photography without flash (the so-called 
available light photography) previously 
confined to the fastest black-and-white 
film. 

By increasing the first development time 
from 10 to 13 minutes, the effective speed 
of the film is doubled—320ASA-—36° BS. 
There is virtually no change in colour 
balance, though there is a small loss of 
maximum density and colour saturation, 
and a slight increase in graininess and 
contrast. While the results are more than 
acceptable Kodak would like it to be 
known that for the best results, the nor- 
mal exposure index of 160ASA and the 
normal processing procedure should be 
used. 
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Classified Advertisements 


OFFICIAL APPOINTMENTS 








SSISTANTS (SCIENTIFIC). Pensionable 

posts for men or women at least 174 and 
normally under 26 on January 1, 1959, with 
appropriate educational or technical qualifi- 
cations (normally GCE with passes at “O” 
or “A” level in four distinct subjects includ- 
ing English language and a scientific or 
mathematical subject, or ONC, or equivalent 
qualifications), and at least two years’ experi- 
ence in either: (i) engineering or physical 
sciences, or (ii) chemistry, biochemistry, or 
metallurgy; or (iii) biological sciences, or (iv) 
geology, meteorology, or skilled work in 
laboratory crafts such as _ glass-blowing. 
Starting salary (men) from £320 (at 174) to 
£530 (at 25 or over). Maximum (London) 
£690. Promotion prospects. Five-day week 
generally. Write Civil Service Commission, 
17 North Audley Street, London, W.1, for 
application form, quoting S59/59. Closing 
date December 31, 1959. 





WEST AFRICAN BUILDING 
RESEARCH INSTITUTE 


The Institute is expanding its activities and 
invites applications for the following posts: 


PRINCIPAL SCIENTIFIC OFFICERS 


(a) ARCHITECTURAL PHYSICS DIVISION 
(Physical studies relating to the design of 
buildings for tropical climates.) 

Candidates, aged at least 31, must have a 
good Honours Degree in Physics, Applied 
Mathematics or Electronics, with consider- 
able post-graduate experience. 


(b) MATERIALS DIVISION 

(Investigations into the properties and dura- 
bility of building and civil engineering 
materials in the tropics.) 

Candidates, aged at least 31, must have a 
good Honours Degree in Chemistry, Chemi- 
cal Engineering, Soil Science, or a similar 
subject, with considerable post-graduate ex- 
perience 


Appointment on contract/gratuity terms 
within salary scale £1890 to £2130 per annum. 


SCIENTIFIC OFFICERS OR SENIOR 
SCIENTIFIC OFFICERS 


(a) ARCHITECTURAL PHYSICS DIVISION 
(Physical studies relating to the design of 
buildings for tropical climates.) 

Degree in Science, preferably Physics, 
Applied Mathematics or Electronics, with 
at least two years’ post-graduate experience, 
essential. 


(b) MATERIALS DIVISION 

(Investigations into the properties and dura- 
bility of building and civil engineering 
materials in the tropics.) 

Degree in Science, preferably Chemistry, 
Chemical Engineering, or Soil Science, with 
at least two years’ post-graduate experience, 
essential. 


(c) STRUCTURAL DIVISION 

(Soil mechanics and structural engineering 
investigations). 

Civil, Mechanical, or Structural Engineering 
qualifications required. A graduate must have 





had at least two years’ post-graduate experi- 
ence. 


Appointment on contract/gratuity terms 
within salary scale £1090 to £1900. 


GENERAL CONDITIONS (ALL POSTS) 


Gratuity at rate of £150 per annum on 
satisfactory completion of contract. Free 
passages for officer, wife, and up to three 
children under 18 years. Overseas Education 
Allowance of £100 per annum each for up to 
three children under 18 years. Accommoda- 
tion at low rental. Interest-free advance for 
car and car maintenance allowance. Generous 
home leave on full pay. Income tax at low 
local rates. Advances of gratuity for FSSU 
payments may be arranged. 


Apply to Director of Recruitment, Colonial 
Office, London, S.W.1. Give full name, age, 
qualifications, and brief details of experience. 
Quote BCD 197/487/01/D54 (P.S.0.) or BCD 
197/487/04/D54 (S.0./S.S.0.). 





PPLICATIONS are invited for a number 

of Civitian Science STUDENTSHIPS ten- 
able for three years at the RoyAL MILITARY 
CottecGe oF Science, SHRIVENHAM, with 
exemption. from tuition, registration and 
examination fees and giving a maintenance 
grant of £355 a year which may be supple- 
mented by a dependant’'s allowance. 

Students take the course for the London 
University Degree of B.Sc. (Special) in 
Mathematics, Physics, or Chemistry, or B.Sc. 
(Eng.), with a view to entering the Scientific 
Civil Service. 

Candidates must be men born between 
October 2, 1938, and October 1, 1942, unless 
they have completed their National Service 
when they must have been born not earlier 
than October 2, 1936. 

Candidates must satisfy the nationality 
rules laid down for employment in Govern- 
ment Research Departments. 

Candidates must satisfy the conditions for 
registration by the University of London for 
a course leading to B.Sc. (Special) or B.Sc. 
(Eng.). A statement to this effect must be 
produced before October 1, 1960. 

For application forms write Secretary, 
Ministry of Aviation (Est. 3.R.3), Room 512, 
Adelphi, Strand, London, W.C.2; closing date 
for receipt of completed forms January 4, 
1960. 





HYSICISTS, CHEMISTS, ENGINEERS, 

MATHEMATICIANS required in Re- 
search and Development Establishments of 
MINISTRY OF AVIATION, mainly in Southern 
England, offering wide range of problems. 
Appointments in grades of (a) SENIOR SCIEN- 
Tiric Orricer (£1166-£1380), (b) SCIENTIFIC 
Orricer (£615-£1090). Starting salary accord- 
ing to experience. Superannuation under 
F.S.S.U. First or Second Class Honours 
Degree or equivalent required and for (a) at 
least three years’ post-graduate research ex- 
perience. GOoD PROMOTION PROSPECTS. 
Forms from M.L.N.S., Technical and Scien- 
tific Register (K), 26 King Street, London, 
S.W.1, quoting A.438/9A/PG. 





ATENT EXAMINERS AND PATENT 
OFFICERS. Pensionable posts for men 
or women for work on the examination of 
Patent applications. Age at least 21 and 
under 28 (35 for Examiners), with extension 








for regular Forces Service and Overseas 
Civil Service. Qualifications: normally First 
or Second Class Honours Degree in Physics, 
Chemistry, Engineering, or Mathematics, or 
equivalent attainment, or professional quali- 
fication, eg. A.M.1.C.E.. A.M.I.Mech.E., 
A.M.1LE.E., A.R.IL.C. London salary (men) 
£655 to £1460; provision for starting pay 
above minimum. Promotion prospects. Write 
Civil Service Commission, 17 North Audley 
Street, London, W.1, for application form, 
quoting $128/59, and stating date of birth. 





APPOINTMENTS VACANT 





DWARDS HIGH VACUUM LIMITED, 

Manor Royal, Crawley, Sussex, have the 
following vacancy in their Research Labora- 
tories: 


CHEMICAL ENGINEER to investigate 
the distillation of thermolabile sub- 
stances and to work on pumping, 
trapping, and condensing problems 
in vacuum chemical systems. Appli- 
cants should hold a degree in 
Chemical Engineering or equivalent. 


Commencing salary for this post will be in 
accordance with age and experience. Both 
Pensions and Bonus Schemes are operated. 
Housing available if from London Area. 
Write giving full details of previous experi- 
ence to the Personnel Manager. 





RESEARCH PHYSICIST 


COuRTAULDS has a vacancy for a 

Puysicist at its Droylsden Research 
Laboratory near Manchester. The work 
covers a wide range of topics inciuding the 
fundamental properties of fibres and the 
application of physics to textile problems. 
A good Honours Degree essential. Age 22-26. 

Candidates should write for a detailed 
form of application to the Director of Per- 
sonnel, Courtaulds Limited, 16 St Martin’s- 
le-Grand, London, E.C.1, quoting reference 
number D.1. 





LECTURES AND COURSES 





FARADAY HOUSE 
ELECTRICAL ENGINEERING 
COLLEGE 


ATHREE-YEAR COURSE, commencing 

each term, in Electrical Engineering to 
qualify for Associate of Faraday House and 
Graduate of the Institution of Electrical Engi- 
neers, followed by one _ practical train- 
ing in Industry to qualify for the Diploma of 
Faraday House. For Prospectus apply to 
Department “E”, Faraday House Electrical 
Engineering College, 66 Southampton Row, 
London, W.C.1. 





SOCIETIES 





THE BRITISH 
INTERPLANETARY SOCIETY 
12 Bessborough Gardens, 
London, S.W.1 
EMBERSHIP and Fellowship is open to 
all interested in space-flight, rocket 
engineering and astronomy. 

Full particulars of membership, together 
with a free we sf of the Society's Journal and 
programme of lectures in London and many 
provincial towns, will be sent on request. 





Printed and published in Great Britain by Jarrold & Sons Ltd, Norwich 


Editorial Office: 11 Gate Street, Kingsway, W.C.2 











The Solar System 


The January 1960 number of DISCOVERY will 
include a special feature on ‘‘Our Present Knowledge 
of the Solar System’’. Introduced by an editorial article 
‘The Decade of Space Research Begins’’, it consists of 
a series of articles by leading experts giving the results 
of their most recent research: 


The Sun: Prof. M. A. Ellison. 


The Earth-Moon System: Dr Gilbert 
Fielder. 

Mercury, Venus, and Mars: Patrick Moore, 
F.R.A.S., F.R.S.A. 

The Outer Planets: Gilbert E. Satterthwaite, 
F.R.A.S. 

Comets, Meteors, and Minor Planets: 
M. P. Candy, F.R.A.S. 


The Origin of the Solar System: Michael 
W. Ovenden, M.A., B.Sc., Ph.D., F.R.A.S. 


ORDER YOUR COPY NOW 


DISCOVERY is obtainable through newsagents and 
subscription agencies throughout the world, or direct 
from the publishers: 


JARROLD & SONS LTD, ST JAMES, NORWICH 
NOR 50P 


Subscriptions may be entered by using the order form in 
this copy. 














DISCOVERY 
BINDING SERVICE 


We invite readers to send in their copies of 
Discovery now to be bound in book form, The 
cases are covered in yellow linen with white letter- 
ing on black panels, and can be supplied separately 
if required. Most back issues are available from 
1951 at 2s. 6d. each. 


Cost of binding per volume 12s. 6d. 
Binding case only 6s. Od. 


Complete volumes for 1954, 1957, 


1958, 1959, each £2 4s. 6d. 


This Service closes on February 29, 1960 


JARROLD & SONS LTD 
St James, Norwich NOR 50P 




















Study at Home 


The increasing importance of Science 
in industry, commerce and education 
| opens up many worth-while opportu- 


B.Sc. 


Degree nities for Science graduates, Wolsey 
saa can Hall (est. 1894) provides postal tuition 
for the much sought-after B.Sc. degree 
of London University. Tuition can also 
be arranged for certain subjects at 
M.Sc. (Maths). Prospectus (please 
mention exam. or subject) from E. W. 
Shaw Fletcher, c.8.£., LL.B., Director 
of Studies, Dept. WM8, 


WOLSEY HALL, OXFORD 








The DISCOVERY Map of the Antarctic 


(See p. 5/1) will be available in January as a wall map 
at the following prices, post free in the United King- 
dom, postage extra overseas. 


Single copies 2s. 
10 copies 
100 copies £5 


Orders should be addressed to 


DISCOVENY, JARROLD & SONS LTD 
ST JAMES, NORWICH, NOR SOP, ENGLAND 











PHYSIGISTS 


Research and Development Establishments in 

Ministry of Aviation mainly in Southern England 

with well-equipped modern laboratories offer first- 

class opportunities and maximum encouragement 

to initiative and originality over a wide range of 

research and development work including: 

Solid State Physics Radio Astronomy Space Research 

Low Temperature Physics 

Advanced Computing Techniques Aircraft Projects 
Electronic Radar Telecommunications 

Ballistic Missiles Optics Guided Weapons 


Gas Turbines Aerosols Industrial Gases 
Appointments in grades of 


(a) Senior Scientific Officer (£1166-£1380) 
(b) Scientific Officer (£615-£1090) 
Starting salary according to experience 

Superannuation under F.S.S.U. 
GOOD PROMOTION PROSPECTS 


Ist or 2nd Class Honours Degree or equivalent required, and 

for S.S.O. at least 3 years’ post-graduate research experience. 

Forms from M.L.N.S. Technical and Scientific 

Register (K), 26 King Street, London, S.W.|I, 
quoting A.437/9A/PGD. 





} 











Our ancient forefathers were laughably ignorant of the 
quantum theory, television and man-made satellites. But when it came to the transport of liquids 
they knew a good thing when they saw one. The goatskins they used were light and strong, 
and when empty they could be carried home easily. The virtues of the goatskin 
s © are beginning to be appreciated again in an age when 
I yl q u id asset all kinds of liquids from formaldchyde to fruit juice, are 
carried in bulk over long distances by road, rail and sea in 
special vehicles, which must often return home empty. Marston Excelsior Ltd., an I.C.I. subsidiary 
with great experience of making flexible fuel tanks for aircraft, has solved the problem 
of the unprofitable return journey by building flexible tanks that can be carried on conventional 


lorries, rail waggons or barges. These ‘ Portolite ’ tanks, made of fabric sandwiched between 
layers of rubber-like material, hold with equal safety anything from acids to drinking water. 


When emptied, they can be unlashed and rolled up to make room 
for a payload of a different kind. 


Thus, and in a thousand kindred ways, I.C.I.’s research 
and production are serving the Nation. 





